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ABSTRACT
Recent evidence suggests that there may be a relation­
ship between auxins and gibberellins in plant growth. The work 
described here was undertaken as an attempt to clarify the 
nature of the interactions between the two hormone systems. The 
effects of lAA, GA and other growth regulators on the growth of 
coleoptile, first internode, and first leaf of Avena sativa have 
been studied using the coleoptile, the first internode, and the 
first leaf base section tests. lAA and GA have a similar action 
in inducing elongation of the coleoptile and first internode 
sections, however, their log. dose-response curves are quite 
different. The inclusion of the coleoptilar node in the first 
internode sections has a pronounced effect on the GA response 
suggesting that GA response is associated with high endogenous 
growth rate. No synergism is found between lAA and GA. Synergism 
is observed between NAA and GA but not with 2,4-D and GA. KilSP,
PCIB and 2,4,6-T all reduce the GA and lAA responses. First leaf 
base sections are sensitive to GA but not to lAA, kinetin adenine 
sulphate, certain amino acids, vitamins and growth factors. The 
age of seedlings from which sections are cut and the inclusion 
of part of the first internode have significant effects on the 
GA response of the first leaf base sections. The results are not 
in complete agreement with an auxin-mediated mechanism of GA 
action but suggest that the primary action of lAA and GA are not 
closely related and that growth factors present in the coleop­
tilar node and in the first internode may be involved in the 
growth response to GA of the first internode and of the first
T3
leaf base sections respectively. A preliminary attempt was made 
to isolate the leaf growth substances in the first internodes.
The effects of red and far red light on the growth of first 
internode sections and of intact seedlings, have been investigated. 
The results have been discussed in the light of our present 
knowledge of auxin and gibberellin actions on plant growth.
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CHAPTER I 
INTRODUCTIOH.
The Avena seedling has been used very extensively in 
studies of plant growth regulators ever since Went's (1926) 
discovery of plant growth hormone.from the tips of Avena 
coleoptiles more than three decades ago. The Avena seedling, 
itself shows an interesting, sequence of co-ordinated growth 
during the early stages of development; as revealed by the 
growth of the coleoptile, the first internode or "mesocotyl"', 
(the term first internode will be used throughout this thesis), 
and the first foliage leaf. When grown in the dark, the first 
internode elongates rapidly up till the fifth day when its; 
growth ceases; the coleoptile commences its growth slowly at 
first then rapidly up till about the eighth day when it also 
ceases to grow; the first leaf, however, breaks through the 
coleoptile and continues to extend rapidly.
The phenomena involved in the growth of plant cells 
may be separated into three phases as follows; (1 ) the 
meristematic phase which is closely connected with cell 
division and the synthesis of protoplasm, (2 ) the phase of 
cell' extension which involves the absorption of water and
(3) the phase of cell differentiation and maturation during 
which changes in the nature and the amount of various cell 
constituents occur, but little change in volume. The phases 
may intergrade with one another.
r'9
In all the three phases of growth of plant cells, 
growth regulators may exert their influence. During the 
growth of the Avena coleoptile, the early stages involves 
both cell elongation and cell division (Avery and Burkholder, 
1936). From the time the coleoptile is about 1.5 cm. long up 
to the time when it stops growing, growth is entirely by 
cell elongation. The fact that auxins exert their main 
influence on the cell extension phase of growth was clearly 
demonstrated in the classical Went’s (1928) Avena test and has 
since been well confirmed. Indeed, the definition of auxin 
is based on this very physiological reaction of cell extension. 
Until recently, the widely accepted definition of auxin is 
as follows (Pincus and Thimann, 1948); " an organic substance 
which promotes growth (i.e. irreversible increase in volume) 
along the longitudinal axis when applied in low concentrations 
to shoots of plants freed as far as possible from their own 
inherent growth promoting substances. Auxins may, and generally 
do, have other properties;, but this one is critical".
The above definition has become inadequate recently
with the discovery of a new class of plant growth hormones,
t?S9(r.
the gibberellins (Brian, 1 9 5 9 f , S t o w e  and Yamaki, 1957, 
1.959). Although the gibberellins do induce cell elongation 
in shoot tissues such as coleoptiles and internodes, they were 
found to be quite inactive in the standard Went’s Avena test 
(Sumiki, 1952; Kato, 1953). They also differ from the auxins 
in their failure to elicit many of the other physiological
H.O
responses characteristic of indole-3-acetic acid (lAA),
(Sumiki, 1952; Kato, 1953; Hayashi and Murakami,1953a, b;
1954). Yet the gibberellins do meet the requirements of 
activity in some of the auxin bioassays (straight growth tests) 
as implied in the definition of auxins given above, and they 
can therefore be considered to be auxins as has been done 
so by Brian, Hemming and Radley (1955), although not e x a c t l y  
of the type of auxins, as exemplified by lAA.
Stowe and Yamaki (1957) have preferred a what they 
called operational definition which defines the gibberellins: 
as "that class- of compounds which cause internodal elongation 
when applied to certain intact genetically dwarfed plants".
They also suggested that the promotion of elongation of leaves, 
of monocotyledons might provide a useful supporting definition 
as shown by the results of Radley (1956), and Van Overbeek, 
Racusen, Tagami and Hughes. (1957) and of Van Overbeek and 
Dowding (1959). The results of some of the investigations to 
be reported in this thesis, will also suggest that this 
criterion appears to be a promising one.
Thus it can be seen that until the specific site 
for auxin action is elucidated, any definition will have to 
depend on the types of bioassays employed and may still be 
ambiguous. All this indicates that in future, auxins will 
have to be studied in conjunction with the gibberellins, and 
auxin work will have to be reviewed in the light of work on 
gibberellins.
lit ^
Although the number of investigations on the effects: 
of gibberellins on growth is very large, relatively few 
of these investigations have been done with the Avena seedling.
In view of the great amount of work on auxins.that have been 
done with the Avena seedling, it appears, that further study 
of the effects of both auxins and gibberellins simultaneously 
using the classical object of auxin research, the Avena seedling, 
would provide a useful aid to the understanding of the growth 
process in plants. The investigations to be reported in 
this thesis have been undertaken with this purpose in mind.
Plant Growth Substances and Shoot Growth.
Auxins:.
The volume of work done on auxin physiology has been 
very extensive and numerous. It is not proposed to discuss 
here all the various aspects of auxin research. Information 
of this kind necessarily forms the background to a study of 
the role of auxin in growth and work on the topics is. 
continually under review in the books and review articles 
which have been published in recent years dealing broadly 
with the subject or with certain restricted aspects of it,
(Skoog, 1951; Bonner and Bandurski, 1952; Nitsch, 1952;
Sdding, 1952; Thimann, 1952: Loomis., 1953; Velds tra, 1953;;
Gordon, 1954; Leopold, 1955; Thimann and Beopoid, 1955;
Larsen, 1955; Muir and Hansch, 1955; Van Overbeek, 1956, 1959;
Wain and Wightman, 1956; Aberg, 1957; Bentley, 1958; Ray, 1958; 
Audus, 1959; Galston and Purves, 1960).
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Although cell elongation is the main response of 
a host of plant tissues to auxins, still other types of responses, 
in the plant to auxins have been apparent. They are: phototropism, 
geotropism, apical dominance, root initiation, callus formation, 
flowering, fruit development, and abscission.
In all these plant phenomena, there is a remarkable 
dualism of auxin action, i.e. auxin may stimulate or inhibit 
them. Low concentrations are usually stimulatory and high 
concentrations inhibitory. The optimal concentration varies 
with different organs. The overall sensitivity is different 
for different organs; thus stem are less sensitive than roots 
or buds. Differential sensitivity to auxin of the different 
organs of the plaht is one of the basic phenomena underlying 
the co-ordination and balance 6 f growth in the plant as a whole.
As have been noted above, a great variety of effecta 
can be induced by treatment of plants with lAA. This multiplicity 
of plant responses has led Thimann (1936). to suggest that auxin 
may exert its action on some basic physiological or biochemical
process, a "master reaction" --- fundamental in the manifestations
of various observed responses. This view has become the basis 
of most investigations on auxin action.
In the last thirty years, a great amount of effort 
have been devoted to attempts to discover the mechanism by 
which auxin/ exerts its action and also the basic reaction 
which has been suggested. The work done on this aspect of 
auxin physiology has been well reviewed by Audus (1949, 1959); 
Bentley (1958); Van Overbeek (1959); and more recently by (Ralston
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and Purves (I960).
Most of the investigations on this problem have been 
done on the following major effects of auxins: (1 ) changes in 
cell wall properties, (2) changes in osmotic values, (3) active 
water uptake, (4) alteration of the permeability of cell membranes,
(5 ) changes in cell wall metabolism, (6 ) changes in the protoplasm,
(7 ) changes in various metabolites, (8 ) changes in respiratory 
patterns. Although none of the chemical and physical changes 
can yet be connected causally with auxin action, recent evidence 
seems to lead to the conclusion that the primary action of lAA 
in extension growth is on the cell wall (Cleland and Bonner, 1956; 
Cleland, 1958; Tagawa and Bonner, 1957; Carr and Ng, 1959), a 
conclusion which was reached by Heyn in 1930 (Heyn, 193?, 1940) 
only two years after the discovery of plant growth hormone.
This effect on the cell wall appears to be an indirect one 
mediated through metabolism.
The volume of research on the occurrence of auxin in 
plants is no less than that on the action of auxin. lAA was 
first identified as a plant growth substance by KBgl and Haagen- 
8mit^(1934) from urine, in addition to two other growth active 
substances, auxin A and B. Later, Haagen-Smit, Leech and Bergen, 
1942; Haagen-Smit et al (1946) isolated crystalline lAA from 
mature maize kernels and from immature kernels. Auxin A and B 
have never been isolated from plant materials. Since theç, lAA 
has been demonstrated in a wide variety of plant tissues (Gordon,
1954; Larsen, 1955; Bentley, 1958) following the development 
of paper chromatographic methods for auxins in Japan (Yamaki,
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1950; Yamaki and Nakamura, 1952) and in England (Bennet-Clark, 
and Kefford, 1953; Bennet-Clark, Tambiah and Kefford, 1952;
Kefford, 1955).
Apart from lAA, various, other indolic, non-indolic, 
and unidentified auxins have been demonstrated in plant tissues 
(Bentley, 1958). The general conclusion at present appears to 
be that lAA may not be "the"' plant hormone concerned in plant 
growth as was previously supposed. Doubts exist as to whether 
lAA exerts the main auxin action in all plant growth systems, 
as lAA has been found to occur in small amounts as compared 
with total auxin activity in certain systems (Van Gverbeek,
1941; Terpstra, 1953; Jones et al, 1952; Bentley and Housley,
1952). The findings of Vlitos and Crosby (1959) that fatty alcohols 
which are active as growth regulators are present in Maryland 
Mammoth tobacco is of interest in this respect. Stowe (1960) 
found that certain fatty acid esters and various "Tweens" 
detergents can stimulate both auxin and gibberellin action in 
excised pea stems. This further stresses the need for more work 
to be done on the effect of auxin in conjunction with other 
growth regulators such as gibberellins on the Avena seedling 
which is usually used as a test object in bioassays for auxins.
Gibberellins.
Curiously enough, the discovery of the gibberellins 
occurred at almost the same time as auxin was discovered, although 
the discovery was made in quite a different field of botanical 
research. In 1926, a pathologist named Kurosawa showed that an
active principle in the culture filtrate in which the fungus,
Gibberella fujikuroi (Sawada) W^lenweber, (the perfect stage
o,
of Fusarium i^niliforme Sheldon), had been grown, could cause 
the elongation of rice seedlings similar to that in plants, 
which were infected by this fungus. The "overgrowth" symptoms 
of this disease, the "Bakanae" or "foolish seedling" disease, 
of rice was reported to be first described as long ago as 
1828' in Japan (Hori, 1898).
In 1935, Yabuta obtained a fairly pure biologically 
active isolate from the cultures of the fungus and named it 
"gfbberellin". Later, Yabuta and Sumiki (1938) separated 
two crystalline materials from the cultures and named them 
Gibberellin A and B. These terms were later exchanged (Yabuta, 
Sumiki, Aso, Tamura, Igarashi and Tamari, 1941).
Excellent accounts of the historical development of 
the various aspects of gibberellin work have been given by 
Stowe and Yamaki (1957, 1959) and by Stodola (1958). Other 
reviews on the large amount of literature on gibberellins, are 
those by Wittwer and Bucovac (1958), by Brian (1957, 1959a, b ) , 
by Brian and Grove ,(1957), by Brian, Grove, and MacMilland 96.0), 
and by Phinney and West (1960).
A detailed account of all the work is not attempted 
here, only those aspects which are of relevence to a discussion 
of the results of experiments to be described in this thesis 
are included.
The Japanese work on gibberellins was virtually unknown 
in the Western world until 1950. In the United States, the
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first work on gibberellins was at the biological warfare 
centre at Camp Detrick, Maryland where Mitchell and Angel (1950) 
reported growth-promoting substances from cultures of Fusarium 
moniliforme. After this, Stodola, Raper, Fennel, Conway, Sohns, 
Lanford and Jackson (1955) of the United Statea Department of 
Agriculture isolated two pure crystalline substances, gibberellin 
A and X. Independently in England, Curtis and Cross (1954) of 
the Imperial Chemical Industries Ltd., England, successfully 
obtained the first chemically pure gibberellin, which was 
named gibberellic acid. It was then shown that gibberellin X 
and gibberellic acid were identical compounds (Stodola, 1958), 
and gibberellic acid is now the generally accepted name.
Up to date, nine gibberellins have been isolated in 
chemically pure forms, they are: gibberellin A^ (Takahashi,
Kitamura, Karawada, Seta, Takai, Tamura and Sumiki, 1955;
Grove, Jeffs and Mulholland, 1958); gibberellin Ag (Takahashi, 
et al, 1955; Kitamura. Seta, Takahashi, Karawada and Sumiki,
1957); gibberellin A3 (Gibberellic acid = gibberellin X) ( 
Takahashi et al, 1955; Curtis and Cross, 1954; Stodola et al,
1955); gibberellin A 4 (Takahashi, Seta, Kitamura and Sumiki,
1957; Cross, Grove, MacMillan, Mulholland and Sheppard, 1958); 
gibberellin A3 (MacMillan, Seaton and Suter, 1959); gibberellin
^7) Aq, and Ag (Cross, Galt, and Hanson, 1960;a, b;Brian, 
1961). The structural formulae of gibberellin A^ _ 3 are 
shown in Fig. 1. Gibberellin A has been shown to be a mixture
of gibberellin A-|, Ag, and A3  (Takahashi et al, 1955).
oCO
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Of these gibberellins, only two have been isolated 
in pure form from flowering plants. Gibberellin A-j has been 
isolated from the seeds of Phaseolus multiflorus by MacMillan 
and Suter (1958), in Phaseolus vulgaris by Phinney and Neely,
(1958), and by West and Murashige (1958). K^ayâda and Sumiki
(1959) have also isolated gibberellin A-| from Citrus unshuii. 
Gibberellin Ag has been,isolated from Phaseolus multiflorus 
by MacMillan, Seaton and Suter (1959). The Bean Factor II 
isolated from Phaseolus vulgaris by West and Phinney (1959) 
and by West and Murashige (1958) appears to be identical with 
gibberellin Ag (MacMillan et al, 1959). Gibberellin Ag has 
not yet been isolated from flowering plants.
The abbreviation GA will be used to denote gibberellic 
acid in this thesis as the gibberellin which is used in the 
experiments to be described &ere is gibberellic acid supplied 
by I.e.I. Plant Protection Ltd. Surrey, England. When this 
term is used to discuss the results of other workers, it should 
be borne in mind that most of the Japanese work have been 
done with a mixture of gibberellin A-|, Ag and Ag previously 
known as gobberellin A. In the United States, workers have 
used a mixture of approximately equal amounts of gibberellin 
Ai and gibberellin X. All British workers and some others 
have usually used gibberellic acid.
Evidence for the occurrence of substances having 
activity similar to that of the gibberellins have rapidly 
accumulated ever since the search for them in the flowering 
plants was pioneered by West and Phinney (1956); Radley, (/I956,
119
1958); Phinney, West,Ritzel and Neely (1957); Lena (1957).
The evidence at hand now (Stodola, 1958; Brian, 1959, 1960; 
Phinney and West, 1960) suggests that the gibberellins are 
widely distributed natural plant hormones. In the past, 
attempts have been made to explain growth phenomena in terms 
of the distribution, concentration, synthesis or degradation 
of auxins and anti-auxins only. Now, with the discovery of 
the gibberellins and of the kinins (Millier, Skoog, Okumura, 
von Saltza and Strong, 1956; Skoog and Miller, 1957), many 
of the growth phenomena can be more satisfactorily explained 
as being determined by an interplay of all these hormones, 
in which auxins may be involved, but not as the limiting factor.
The gibberellins, like the auxins, also elicit a 
wide variety of responses from plant tissues, such as stem 
elongation, flowering (photoperiod and temperature requirements), 
breaking of dormancy, root growth, fruit growth and seed 
germination, (Stowe and Yamaki, 1957; Brian, 1959; and Phinney 
and West, 1960).
The acceleration of internode elongation is most 
evident mn intact plants such as Pisum sativum (Brian and 
Hemming, 1955; Radley, 1958; Kato, 1955), Phaseolus vulgaris: 
(Brian, Elson, Hemming and Radley, 1954; Marth, Audia and 
Mitchell, 1956; Bucovac and Wittwer, 1956), in Zea Mays (West 
and Phinney, 1956; Phinney et al, 1957; Curtis, 1957;
Nickerson, 1959a), and in Oryza sativa (Kurosawa, 1926; a WMr,
In general, the response is related to the log. dose 
of OA applied, therefore these plants have been used extensively
2o
in bioassays for gibberellins:* It has also been shown that 
the dwarf varieties of certain plants can be induced to grow 
into normal types of such plants. The first case was that found 
in Pisum sativum by Brian and Hemming (1955), each dwarf variety 
differs from the tall variety by a single gene, the homozygous 
recessive being dwarf^ Phinney and his co-workers (Phinney 
1956; Phinney et al, 1957), have also obtained similar results, 
with single gene dwarf mutants of maize. The response of these 
single gene dwarfs to GA has been interpreted as an example 
in flowering plants where a single gene lesion in a stepwise 
series of biochemical reaction is overcome by the action of 
GA (Brian, 1957, 1959). This explanation may not be adequate 
to explain the overcoming of <<warfness in plants where several 
genes are involved. There are at present various explanations 
suggested for the differences: in growth habits, ranging from 
lack of sugficient GA in dwarfs to accumulation of inhibitors 
by dwarfs (Brian, 1957, 1959; Radley, 1958; Soost, 1959).
Since GA does have an effect on stem elongation as 
shown by its ^ e c t  on intact plants, many workers have compared 
the physiological action of GA with those of auxins since the 
first comparison made by Yabuta and Hajrshi (1937), (see 
review by Brian 1959;' Stowe and Yamaki, 1959). A consideration 
of the results of comparisons-using the usual auxin straight- 
growth tests only will be attempted here. GA was found to be. 
quite, inactive in the standard Avena curvature test (Sumiki 
1952^ Kato, 1953) and in Went’s pea test,(recently Saebo (1960) 
applying vigorous statistical analysis have shown that GA
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was active in the Avena curvature test). This has been
interpreted as being due to non-polar transport of GA or to
a too rapid translocation of GA in the tissue. In tests using
excisùd_sections of tissues, GA was found to be active in
pea epicotyl sections but less so than lAA (Hayashi and
Murakami, 1953a; Kato, 1956; Brian et al, 1955). Brian et al
(1955) found GA active on internode, sections: of dark grown
peasr. So did Kato (1953, 1958); Purves and Hillman (1958, 1959);
Hillman and Purves (1960); and Gals ton and Warburg (1959).
Brian and Hemming (1957, 1958), however, found that using
light grown pea internode sections incubated in light, GA
alone has virtually no action. They attributed this to low
endogenous growth rate of such sections. In wheat coleoptile
segments, GA has been found to be active although less so
than lAA (Brian et al, 1955; Ricard and Nitsch, 1958). Hayashi
and Murakami (1953&), on the other hand, could detect no
action with similar material. Hayashi and Murakami (1953b, 1958)
found a slight action of GA on young sections, of Avena
coleoptiles cut from day old plants. Nitsch and Nitsch (1956)
found GA to be active in their Avena coleoptile section test
and in their Avena first internode section test. This, as
far as the writer is aware, is the only work that has been
so far done on the effiect of GA on Avena first internode.
sections. The evidence so far indicates that increased growth
of excised sections of plant tissues treated with GA is
usually less than that induced on intact plants. The presence 
or absence of a response to GA seems to depend on whether
22
the endogenous growth rate of the sections used are high or 
low respectively. The log. does— response curves given by 
excised tissues treated with GA are always flat-topped unlike 
those given by auxin treatment which usually have a very 
pronounced peak.
Another striking effect of GA which differs from that 
of auxins is its effect on leaf growth. lAA and other auxins 
generally have little effect on growth of leaves. An increase 
of leaf expansion by GA treatment has been observed in many 
light grown intact plants, (Yabuta, Sumiki and Hftyfeghi, 1943; 
Yabuta et al, 1943; Kribben, 1957; Gray, 1957; Humphries, 1958 
a, b). Changes in leaf shape have also been noted in tomatoes 
(Rappaport, 1957), in cupid sweet peas (Brian and Grove, 1957), 
in Galinsoga parviflora (Knapp 1956), in Hedera helix (Robbins,
1957), in Ipomoea caerulea (Njoku, 1958), and in Eucalyptus 
melliodora (Scurfield and Moore, 1958). GA induces expansion 
of leaf discs from etiolated bean leaves (Scott and Liverman, 
1957; Wheeler, 1960; Humphries and Wheeler, 1960), and in 
Raphanus (Kuraishi and Hashimoto, 1957). The growth responses 
of excised leaf sections of monocotyledons' are reported by 
several workers. Hayashi and Murakami (1954, 1958), Murakami
(1956) have found that GA increased the growth in length of 
leaf sections of Avena, Hordeum and Oryza. lAA was active 
or inactive depending on the part of the leaf from which the 
sections were taken. Radley (1958) observed that growth of leaf
sections of wheat was promoted by GA although lAA was also 
stimulatory at high concentrations but could be inhibitory
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as well. Nitsch (1959) and Harada and Nitsch (1959) have also 
obtained promotion of leaf sections of Avena. Van Overbeek 
et al (1957), Van Overbeek and Dowding (1959) have noted that 
sections cut from the leaf base region of Avena seedlings 
including the coleoptilar node were stimulated by GA and inhibit­
ed by lAA.
The above observations of increased growth due to GA 
have led to a search for the anatomical basis for such growth. 
Sawada and Kurosawa (1924) suggested that increased cell 
divisions were responsible in rice. Later, however, this view 
was rejected in favour of cell elongation being the main effect, 
(Imura, 1940; Hayashi, Takijima and Murakami, 1953). Brian et 
al (1954) were of the opinion that cell elongation was 
respcmsible in peas but felt that the need for further study 
was obvious. Kato (1955) found no cell division in Vigna.
Sachs and Lang (1957) have observed that GA increased cell 
divisions in the subapical region of unvernalized Hyoscyamus'. 
Increased cell divisions were also observed in tissue cultures 
(Schroeder and Spector, 1957), of mesocarp of citron, in 
cotton embryos (Dure and Jensen, 1957 a, b)?, and in excised 
anthers of Allium cepa (Vasil, 1957a,b). Wada (1958), 
however, reported no effect on mitosis in Tradescantia stamen 
hairs. Gunderson (1958) found that both cell elongation and 
cell division occurred in a Begonia hybrid treated with GA. 
Guttridge and Thompson (1959) found similar results in the 
petioles of strawberry. Thus no clear cut general conclusion 
can be drawn for this problem yet.
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The relationship between auxin and GA has been further 
revealed bÿ studies on interactions of lAA and GA in various 
growth systems. The first indication of a synergism between 
lAA and GA was shown by Hayashi and Murakami (1953a, 1958) 
who found that etiolated pea sections starved for 18 hours 
in distilled water gave a synergistic response when both lAA 
and GA were supplied exogenously. These starved sections did 
not respond to GA alone but did so to lAA alone. They also 
found that synergism was obtained with sections of Avena leaf 
taken from the upper part of the leaf (Hayashi and Murakami, 
1954). Brian and Hemming (1957a, 1958) also obtained a synergism 
between lAA and GA in the growth of green pea internode sections. 
Here again, the sections did not show any response to GA alone. 
Whaley and Kephart (1957a,b) have reported a similar synergism 
in the growth of maize root tips. Synergisms between lAA and 
GA have also been reported in water uptake by cultured cotton 
embryos (Dure and Jensen 1957 a,b), in tissue culture of citrus 
pericarp (Schroeder and Spector 1957), in tissue culture of 
artichoke tuber parenchyma (Nètien 1957), in wheat leaf sections 
(Radlja^  ^ 1958), in deb laded petioles of Ipomoea batatas (Kuse
1958), in the elongation of dissected sporangia of Pellia 
epiphylla\(Asprey, Benson-Evans and Lynn 1958), in cambial 
activity of Acer pseudoplatanus (Wareing, 1958), in Avena 
coleoptile sections; (Van Overbeek et al, 1957), in the growth 
of lamina joints of•excised rice leaves (Maeda 1960).
Galston and Warburg (1959) have reported synergism 
between lAA and GA in the growth of etiolated pea internode
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sections supplied with GA through the basal end* However^ a 
closer look at their data leave some doubts as to whether 
there is really any synergism at all. If the combined effect 
of GA given through the basal end and lAA given to the sections 
were compared with the sum of the effects of lAA and GA given 
separately to the sections, then there is a synergism. But 
one feels that the proper control ought to have been the 
sum of the effect of GA given through the basal end and that 
of lAA given to the sections, if this criterion is used , 
then there do not appear to be any synergism. Furthermore, 
they: do not s e e m g ^ ^ to have analysed their data statistically. 
The same applies also to the data of Weijer (1959) who reported 
synergism between lAA^ and GA in promoting the growth of 
Impatiens, balsimina. On the contrary, lack of synergism or 
simply additive effects between lAA and GA have been reported 
as well. Nitsch and Nitsch (1956) found no synergism between 
lAA and GA in the growth of Avena coleoptile sections and Avena 
first internode sections except for slight synergism in two 
combinations for the latter tissue. Kato (1958) found only 
an additive effect of lAA and GA on etiolated pea sections. 
Purves and Hillman (1958, 1959) also found no synergism or 
at best an additive effect on etiolated pea sections. They 
did not obtain any synergism with starved sections either, thus 
failing to repeat the results of Hayashi and Murakami (1953a,
1958), nor did they find any synergism with sections cut from 
internodes supplied with GA basally as reported by Galston aAd 
Warburg (1959). No synergism was obtained with Avena or wheat
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coleoptile sections, nor with Avena leaf sections by Hayashi 
and Murakami (1953a, 1958)* The data of Hayashi and ^îurakami 
also showed that there was no synergism between lAA and GA 
in sections of barley leaf taken from the base of the leaf but 
slight synergism was obtained with sections taken from the 
upper part of the leaf. In intact plants of rice and peas, 
no synergistic effects between lAA and GA on growth have been
A*
observed (Yabuta, Sumiki, Tamari and Koizumi 1943; Brian 1959").
Brian and Hemming (1958) have reported synergism 
between GA and 2,4-dichlorophenoxyacetic acid (2,4-D), as 
well as between GA and oc-naphthaleneacetic acid (NAA), and 
2-methyl-4-chlorophenoxyacetic acid (MCP) in growth of 
green pea internode sections, however.,- they did not present 
these data fully. Kato (1958) found only an additive effect 
between GA and NAA in the growth of etiolated pea internode 
sections. Clor, CurrâerL and Stocking (1958) found synergism 
between 2,4-D and GA on the growth of petiole of bean leaves 
and in the curvature of pea epicotyls, but 2,4-D inhibited 
the GA-induced growth of bean shoot. Kato (1957) fiound that 
growth inhibitors like cyanide, p-chloromercuribenzoate and 
arsenite inhibited the GA induced growth of etiolated pea 
internode sections. He also observed that no synergism was 
given by NAA and GA on lateral bud growth of cucumber seedlings, 
nor between GA and lAA, coumarin or maleic hydrazide. Brians 
and Hèmmirig" (1957) found that maleic hydrazide inhibited the 
GA induced growth of dwarf peas. Purves and Hillman (1959) 
observed that V-(p-chlorophenoxy)-isobutyric acid (PCIB) did
27
not affect the GA induced growth of etiolated pea sections: 
at a concentration which reduced the control growth. Applegate
(1957) has also shown that 2,3,5-triiodobenzoic acid (TIBA) 
did not affect the GA induced internodal growth of Zinnia 
elegans seedlings while TIBA alone inhibited the growth.»
Maeda (1960) reported that GA was synergistic with suboptimal 
concentrations of NAA, indole-3-butyric acid (IBA), and 2,4-D 
but not so with optimal or supraoptimal concentrations of these 
auxins) in the growth of lamina joints of excised rice leaves.
He found, however, that 2,3,6 -trichlorobenzoic acid (TCBA)
did not show any synergism with Gjfl at all concentrations used. 
Kiermayer (1960) recently observed that TIBA ahd GA gave 
a synergistic action on the growth of internode of Lycopersicon 
esculentum. Certain alkyl lipids and various * Tweens * detergents 
have been found to increase the GA induced growth of pea inter­
node sections, (Stowe 1960). Synergistic action of zinc and..GA 
in the growth of internode of bean seedlings was reported by 
Dancer (1959). Indirect evidence indicating synergism between 
GA and other factors assumed to be produced by shoot apices 
in the growth of etiolated pea internode sections have been 
reported by Vlitos and Meudt (1957a) and by Purves and Hillman
(1958).
The evidence obtained with excised tissues and decapitat- 
ed seedlings indicates that greater response^ to GA is usually 
connected with a higher endogenous growth rate. Such results. 
(Brian and Hemming 1958; Purves and Hillman 1958; Radleÿ 1958;
A
Vlitos and Meudt 1957a, b) have prompted Brian (1950) to
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suggest that GA increases stem elongation only when auxin is 
present. Purves and Hillman (1958, 1959) however, felt that 
such an interpretation is not acceptable in view of the available 
data. Brian also stated: "lAA or other auxin induce great X  
increases in extension even in the absence of GA” , this fact;, 
however, is difficult to demonstrate as was pointed out by 
Gals ton and Purves (I960)..
The various reported synergism between GA and auxin 
have suggested a number of hypotheses.for the action of GA.
Van Overbeek (4-èô^) has suggested the view that the naturally 
occurring auxins and gibberellins are two different groups 
of plant hormones, if a particular growth phase is controlled 
by auxins then the effect of GA would be synergistic; on the 
contrary, if growth is controlled by GA,::. then the effect 
of auxin would be to antagonize the action of GA. He did not: 
agree with the view that GA action is possible only in the 
presence of auxin.. His conclusions were based mainly on the 
antagonism between lAA and GA shown in bud growth and on the 
differential action of GA and lAA on Avena leaf base sections.
Another suggestion is that GA action may be mediated 
through an auxin-sparing mechanism . This hypothesis was 
propounded by Gals ton (1957, 1958).. The eesence of this 
hypothesis is that GA acts by increasing the level of an 
inhibitor of the "lAA-oxidase" system (Galston 1956) in the 
plant thereby raising the level of the endogenous auxin. Although 
there are evidence of decreased "lAA-oxidase” activity or 
"peroxidase” activity following GA treàtaent (Galston, 1959;
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Pilet, 1957; Stutz and Wanatabe, 1957; McCune and Gals ton, 1959;) 
and of increased endogenous auxin level after GA treatment 
(Nitsch, 1957), evidence to the contrary have also been reported 
(Brian and Hemming, 1958; Kato and Katsumi, 1958; Hayashi, 
Murakami and Matsunaka, 1956; Hayashi and Murakami, 1958). Purves 
and Hillman (1959) found that his data did not support the 
auxin-sparing hypothesis.
A third hypothesis is the "three factor” system in 
which GA and amcin are two of the factors and a "third factor" 
which may be an inhibitory factor, may be neutralized by GA 
treatment, thus releasing the potentialities of the endogenous 
auxin. This concept was proposed by B r i m  and Hemming (1958).
No direct proof of this "third factor"* or "inhibitor"' has been 
obtained yet, although in Gals ton* s scheme, this **inhibitor" 
was assumed to be an inhibitor of the lAA-oxidase system.
Purves and Hillman(1959) and Hillman and Purves (1960) have 
criticised this "three factor" hypothesis involving an auxin- 
mediated action of GA.
At the moment, the situation in the search for the 
mechanism of GA action seems to parallel that for auxin action, 
none of the hypothesis can explain all the facts. As Brian
(1959) has pointed out: "much work is needed to clarify the 
nature of this interaction between the two hormone systems".
The work to be described in this thesis has been undertaken to 
investigate the interactions of GA and auxins in three growth 
systems in the Avena seedling: the coleoptile, the first 
internode, and the first leaf, which, as indicated by the rather
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scanty work that have been done on them so far, behave different^ 
to GA and lAA^ It is hoped that the results would help to fill 
in some of the gaps in our knowledge of the problem of mechanism 
of action of growth regulators.
Light-Growth Reactions.
Studies on light-growth reactions has been done since 
the days of Senebier. Many reviews have been written on the 
subject (Burkholder, 1936; Parker and Borthwick, 1950; To&le, 
Hendricks, Borthwick, and Toole, 1956; Wassink and Stolwijk, 1956; 
Lang, 1952; Liverman, 1955; Cricker, 1949). Only those literature 
which may be more relevant to the investigations to be described 
in this thesis will be included here.
The red-far red morphogenetic system in plants have 
been found to affect a great variety of responses such as 
flowering, seed germination, stem elongation, and many other 
aspects of growth and development of higher plants (Borthwick, 
Hendricks and Parker, 1951; Liverman and Bonner, 1953; Peringer 
and Heinze, 1954; Liverman, Johnson and Starr, 1955; Klein, 
Witlirow and Els tad, 1956; Downs, Hendricks and Borthwick, 1957; 
Hillman, 1957; Siegelman and Hendricks, 1957; Mohr, 1956, 1957). 
Observations of this kind have led Borthwick, Hendricks and Parker 
(1952) to postulate a reversible photoreaction which control 
these phenomena:
Red
Pigment + RX; PigmentX + R
Far red
This has recently been modified to the following;
01
(Hendricks and Borthwick, 1959):
660rïOc
PHg + A P + AHg
7 3 5 ^
where PH^ and P are the reduced and oxidized forms of a pigment 
with absorption maxima near ôôDnyu. a n d  735^*y/t. A and AHg are 
hydrogen acceptor and donor. The oxidized P is an enzyme control­
ling an essential reaction.
Up till 1959, the only indication of the pigment has 
been the response of the plant to red and far red light and 
the action spectrum, of the response. HWever, the pigment 
which appears to be associated with a protein has now been 
isolated from corn coleoptiles in a soluble photoactive form
(Hendricks and Borthwick, 1959; Butler and Norris, 1960). It
a
is called phytochrome. It can exist in either/red or far red 
absorbing form. Absorption of radiation by either form causes 
its transformation to the other form.
Light-growth studies in most early work were concerned 
with the inhibition of the first internode of Avena by light*. 
Beyer (1927) was the first to find that by exposing the ypung 
plants to light, he could grow plants without first internodes# 
Others have observed the action spectrum for the inhibition 
of Avena first internode which were, later found to be quite 
similar to that of germination obtained by Borthwick et al (1952), 
(Johnston, 1937; Weintraub and Price, 1947; Goodwin, 1941;;
Goodwin and Owens , 190-J).
Since then, many workers have attempted to find a 
relationship between the light reaction and growth substances^
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Van Overbeek (1936) and Inge and Loomis (1937) were of the 
opinion that the inhibition by light, was- due to an inactivation ^ 
of the supply of auxin, and they reported that the inhibition 
could be reversed by lAA# Schneider (1941-)- using excised 
sections, of the first internode of Avena arrived at the con­
clusion that such sections taken from plants previously exposed 
to red light did not elongate as much as those taken from 
plants not treated with light. The inhibition of these sections 
was not affected by lAA treatment at all. He thought that 
there was a direct mechanism for the inhibition of growth 
of the first internode by red light . Galèton and Baker (1949, 
1951) found that blue light effect on pea stem sections was 
due to lAA inactivation in the light and riboflavin. Mer (1957a), 
however, have found evidence contrary to this using Avena and 
Triticum seedlings. Mer (1951, 1953, 1957b, 1959a,b) using 
Avena seedlings found that the growth of the first internode 
of Avena in light and darkness could not be explained by 
the auxin inactivation concept, but he thought that changes 
in COg content of the tissues may alter the activity of the 
meristern at the coleoptilar node thereby prolonging or 
shortening the maturing processes of the cells.
Kent and Gortner (1951) reported that the response of 
etiolated pea plants to lAA was increased after a pretreatment 
with red light. Gals ton and Baker (1953) found that the 
sensitivity of the tissue to lAA was reduced by red light:
pretreatment. Klein et al (1956) also found that red light 
pretreatment reduced the lAA sensitivity of excised bean hypo-
S3
cotyl hooks. Hillman and Galston (1957) found that red light 
decreased lAA oxidase activity, in vitro, found in buds of 
etio^lated peas. Liverman and Bonner (1953) showed that red 
light promoted the growth of Avena coleoptile sections while 
far red light was able to reverse the action of red light but: 
only in the presence of lAA. They applied kinetic treatment 
to the data and suggested a hypothesis that red light increased 
the formation of an auxin-receptor complex which is active 
in growth and far red decomposed this complex. Unfortunately 
while this is an attractive theory, their data did not agree 
entirely with the Lineweaver-Burk treatment. Moreover, such 
a theory would not satisfactorily explain the situation in 
the first interhode where red light,inhibits growth. Blaauw- 
Jansen (1959) was not able to repeat the results of Liverman 
and Bonner (1953) although she did use red light of a lower 
intensity. Blaauw-Jans en, however, found that Avena coleoptile 
sections cut from plants irradiated with red light gave a two 
peak curve ^ith lAA, one at the usual optimal concentration, 
and the other at a lower concentration. Red light inhibited 
the growth of the coleoptile sections cut from dark grown 
plants not treated with lAA. Similar results were obtained in 
curvature of the Went*s Avena test. She attributed this second 
peak to the enhancement of lAA action at the Iww concentration 
by a "red light factor” which she had isolated by chromatography. 
She also found that red light reduced the lAA content of the
tips of the coleoptiles and that far red light reversed the 
red light effect with regards to the second peak at low
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concentration of lAA. However, in the welter of data presented 
no definite conclusions were drawn.
Meijer (1959) found that at low intensity red light 
was most active in inhibiting the internode elongation of a 
variety of plants tested. Inhibition by red light could be 
reversed by far red light and by blue li^hb. pertain critical 
intensity seemed to exist for red light and blue light for 
their effects depending on the species of the plants used. 
Hillman (1959) reportedi that red light inhibited pea internode 
sections from dark grown plants but had no effect on sections 
from plants previously treated with red light. Far red light, 
promoted the growth of the red grown sections but not the 
dark grown sections. The effects of the red or far red light, 
responses were not affected by GA or lAA which prevented both 
responses.
Thomson (1950, 1951, 1954) using intact Avena seedlings 
and white light treatment concluded from her experiments that 
the final responses (inhibition or non-affected) depended on 
the duration and intensity of the illumination and also on the 
different sensitivity of the various tissues in various phases.
. of their growth at which the light stimulus was given.
Various cases of suggested relationship between GA 
and red-far red photomorphogenefeis; have appeared: in lettuce
jii O.L.
seed germination (Lona, 1956; Khan,^1957; Evenari, Neuman, 
Blumenthal-Goldschmidt, Mayer and Poljakoff-Mayber, 1958;’
Poljakoff-Mayber, Evenari and Neuman, 1958); in ‘summer 
dormancy* of tomato (Johnson and Liverman, 1957; Liverman and
Johnson, 1957); in the growth of bean leaf discs (Scott and 
Liverman, 1957; Rappaport and Bonner, 1958); in the growth 
of Perilia ocymoides (Lona and Bocchi, 1956^ in the growth of 
pea stem sections (Hillman, 1957^ Bertsch, 1958); in the 
growth of pea seedlings (Lockhart, 1957a; 1958b; Lockhart and 
Gottschall, 1958; Vlitos and Meudt, 1957b); in the growth 6f 
Phaseolus vulgaris seedlings (Lockhart, 1957b, 1958a; Downs 
1955; Downs, Hendricks and Borthwick, 1957); in the growth 
of lettuce seedlings (Mayer, Neuman and Evenari, 1959).
In some of the above cases, gibberellln has the same 
effect as red light, e.g. germination of lettuce seeds. Lona
(1956) however, felt that GA action in seed germination may be
<kl
different from that of light, but Evenari^(1958) thought that 
they may at least act along a common path for at least a part, 
of the germination process.
In the cases of stem elongation, GA and red light 
actions are usually opposite to one another, here GA acta 
in the same direction as far red light, but reversal of red 
light action by GA is often not specific. Vlitos and Meudt.
(1957) have suggested that GA may act by protecting the
endogenous: auxins fron^ight inactivation. Brian (1959) has
already put forward a unified theory of plant growth and
development based on his analysis of GA responses. This
hypothesis is a modified form of the one proposed by Borthwick
et al (1:952), GA-like hormone is assumed to be formed under
th^nfluence. of red light with a precursor (P) as an
intermediary. Under far red light or darkness, the GA-like 
hormone is converted back to the precursor.
3 6
red
p  ---------- GA-like hormone
far rede d ^
darkness
However, he did indicate that the available data 
with regards to GA and the red-far red light photomorphogenesis 
seem difficult to fit properly into his scheme at the moment.
Hillman (1959) has proposed another scheme in which 
the actions of red and far red light are acting on a portion 
of endogenous growth, and that neither lAA induced nor GA 
induced growth is red sensitive, a conclusion which was 
partly suggested by the results of Schneider (1941).
Thus it can be seen that the problem of the 
relationship between GA and red-far red system is a very 
complex one. As far as the writer is aware, no work has been 
done on the GA red-far red system with the Avena first internode 
which is very well known for its inhibition by light. Therefore 
a study of the effects of GA and lAA on the influence of 
red-far red system on the different parts of the Avena seedling: 
may help to clarify further this intricate problem.
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CHAPTER II 
MATERIALS AND METHODS
(1) Materials.
Svalôf oats (Avena sativa) of the varieties "Victory I" 
and "Victory II" were used for all the biological tests. Oats 
of the variety "Blendor” were also used for extracting purposes 
only. These oats were supplied by W.A. Temperley and Co. Ltd., 
Newcastle-on-Tyne, England.
(2) Cultural techniques, for BioloRlcal_Tests using exci s M  
plmt,
(A) Conditions and technique for growing test niants.
The Svaldf "Victory" oats, were soaked in tap water in 
a glass museum-jar for 2-3 hours, at room temperature (ca. 20^C.X 
After soaking, the oat grains were laid doi^m on sterilized 
sand which had been moistened with tap water in glass half 
bricks, and the grains were then covered over with a shallow 
layer of moist sand. These were then covered with other glaas 
half bricks so as to maintain a humid atmosphere over the 
grains. The oat grains were then left to germinate in complete 
darkness in a light-tight chamber which was placed in a 
constant temperature room, 25-1%. These grains were allowed 
to grow under these conditions for 72 hours after sowing at 
which time the seedlings were ready for use. Such seedlings 
with first internodes of about 2 - 2.5 cm. long, were used for
the Avena first internode section test. However, when material 
for the Avena coleoptile section test were required, the oat
mseedlings were exposed to light for a few minutes when they 
were about 56 hour old, this treatment was necessary to 
suppress the elongation of the first internode thereby allowing 
the coleoptile to elongate.
(B) The Avena coleoptile section test.
All operations except the final measurement were carried 
out in morphogenetically inactive dim green light,provided 
by a 15-watt incandescent bulb separated from the plant 
material by a Kodak "Wratten” series OA yellow-green filter 
housed in a safe lamp.
The method used is essentially one based on that 
developed by Kitsch and Kitsch (1956). The coleoptiles were 
selected for uniform length (2.5cm.) and severed from their 
first internodes. 5.5 mm. sections consisting of the region 
which the coleoptile extends downwards from a point 3 mm. 
below the apex were cut with a double-bladed cutter. Only 
one section was cut from each coleoptile. The first leaf was 
left inside the section, this was found to favour the growth 
of the coleoÿlile sections ( Hancock and Barlow, 1953; Bentley 
and Housley, 1954). The sections were then left to wash in 
glass distilled water for about an hour after which they were 
distributed into small glass vials ( 1 inch diameter by 1 inch 
height)containing the test solutions. Ten sections were put 
into 1 ml. of test solutions in each vial. The vials were 
stoppered by eorks each with a small hole in the middle plugged 
loosely with cotton wool to allow aeration. The sections were 
left to float in the test solution and were not threaded on
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combs or on glass capillaries. The vials containing the sections, 
and test solutions were then left gently shaken on a horizontal 
shaking machine during the whole of the incubation period of 
20) hours in the dark at a temperature of 25^1%. in the 
constant temperature room. After this incubation period, the 
sections were then taken out of the test solutions and shadow­
graphs were taken of them with an ordinary photographic 
enlarger at a magnification of four times. Measurements were 
then made from these images for each individual section to 
the nearest 0.1 mm.
(C) The Avena first internode (mesocotyl) section tes.t^
The method for this test is similar to that for the 
coleoptile section test except that the test plants used were 
grown completely in the dark with no light break. 3.5 mm. 
sections of the first internodes were cut from that region 
of the first internode which extends downwards from a point 
2 mm. from the coleoptilar node. Care was taken to see that 
the first internode sections were breaking the surface of water 
while they were left to wash for an hour, this was achieved 
by laying them on top of a piece of cheesecloth stretched over 
the water in a beaker.
(D) The Avena first leaf base section test.
The test plants used for this test were grown completely 
in the dark until they were ready for use. Plants of different 
ages were used, from three to seven day old. Sections of various 
initial lengths were also used and on some occasions sections
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consisting of different lengths of the three parts: the 
coleoptile, the first internode and the first leaf included 
in the section as a whole were employed* All these will be 
stated in the individual experiments involved. In general, 
however, the first leaf base sections of 5 mm. cut at the 
base of the coleoptilar node were used.
The conditions under which this test was carried out
were the same as those described for the Avena coleoptile 
section test above. The method here is modified from the one
used by Van Overbeek and Dowding (1959) and like all other
tests involving excised leaf sections of grasses is a variation 
of the Avena and barley leaf section tests originally described 
by Hayal^ii and Murakami (1954). When the oat seedlings were 
ready for use, uniform ones were selected and severed from 
the grains at the base. 5 mm. sections of the coleoptile 
with the first leaf left intact in it were cut from the region 
of the coleoptile starting from the base of the coleoptile 
upwards so that the section cut would include the coleoptilar 
node. When sufficient sections had been cut, they were distribute- 
ed into the test solutions contained in 9 cm. Petri dishes.
10 sections were put into 5 ml. of test solution in each Petri 
dish. The Petri dishes were then covered with their lids and 
were left to shake gently on the horizontal shaking machine 
in the dark at 25-I^C. for an incubation period of 48 hours.
After this time, the sections were measured by the method 
described above except that here, with the longer sections, 
the shadow-graphs were taken at a magnification of two times
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only. No special effort was made to sterilize the test solutions 
nor the sections themselves, but contaminations of micro­
organisms were rarely found.
(3) Cultural technit^e for growing intact plants^
Sval5f "Victory" oats were husked and soaked in tap 
water at room temperature (ca. 20%.) for 2 - 3 hours. On 
some occasions, the grains were soaked in light and on others 
in darkness, this will be made clear in the individual experi­
ments. After soaking, the grains were selected for uniform 
size, the selection was done under dim green light. About 
10 - 15 grains were then placed in a row across the shorter 
width of a glass plate (3i x 4i inch) covered with three 
layers of filter paper well moistened with glass distilled 
water, the embryos were orientated so that they all pointed 
in the same direction and were away from that edge at a 
distance of about 1-g- inch. The glass, plates were then stood 
in glass mmseum-jars, with the embryos pointing downwards and 
the glass plates tilted at an angle of 60^. This procedure 
gave shoots which were quite straight. 50 ml. of the test 
solutions was added to the bottom of the jars to maintain the 
filter papers moist during the growth period. The grains were 
then left to germinate in the dark, in the light, or were 
given light treatments during various stages of their growth 
in a constant temperature room at 25#10C. Further details of 
the light treatments will be given in the appropriate places 
in the text. Measurements of the seedlings were made everyday 
or on alternate dayso All measurements and handling of the
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plants were made under dim green light, care being taken to 
expose the plants to the green light for very short periods 
of time only on each occasion. The growth period was 9 to 10 
days from the time of sowing.
(4) Sources of Chemicals and Preparation of Test Solutions.
The sample of gibberellic acid used (GA) was supplied 
by I.e.I. Plant Protection Ltd., Surrey, England. GA is 
relatively insoluble in water but readily soluble in organic 
solvents such as alcohol. For this reason, GA solutions were 
made up by first dissolving crystals (1 mg.) in a small 
volume of alcohoKO. 1ml) and then made up to 10 ml. with 
buffered glass distilled water, (100 ppm.). Serial dilutions 
were then made from this ttock solution with the buffer. The 
maximum concentration of alcohol was never more than
Indole-3-acetic acid (lAA) was supplied by L. Light 
and Co. Ltd., Bucks., England. Solutions were made up by first 
dissolving a small amount of crystals ( 1 mg.) in a small amount 
of 0. IN sodium hydroxide (0..-2 ml.) and then made up to 10 ml. 
with the buffer. Other solutions were made by dilution of this 
stock solution.
X-naphthalene acetic acid;(NAA), 2,4,6-trichloro- 
phenoxyacetic acid (2,4,6-T) were supplied by L. Light and 
Co. Ltd., Bucks. England.
2,4-dichlorophenoxyacetic acid (2,4-D), DL-glutamine, 
DL-glutamic acid, DL-asparagine. Glycine, Aneurine hydrochloride,
Pyridoxine hydrochloride, L-arginine monohydrochloride, DL- 
histidine monohydrochloride and DL-lysine monohydrochloride were
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supplied by British Drug Houses, London.
%-(p-chlorophenoxy)-isobutyric acid (PCIB) was provided 
by Professor R.L. Wain of Wye College, University of London.
(1-naphthylmethylsulphide) propionic acid (HMSP) 
was supplied by Professor Arne Fredga of the University of 
Uppsala, Sweden.
Kinetin (6-furfurylaminopurine) and adenine sulphate 
were supplied by Sigma Chemical Co. Missouri, U.S.A.
All solutions were prepared with glass distilled water 
buffered by a citric-phosphate buffer (Nitsch and Nitsch, 1956) 
containing 1.742 gm./l. of dipotassium hydrogen phosphate 
(KgHPO^) (about 10"%), and 1.0507, gm./l. citric acid (about 
5 X 10“"%.) 2fo sucrose was also added to the buffer. Thus 
the basic medium for all the test solutions was the buffer plus 
2fo sucrose.
All solutions: were made up on the day of each experiment 
immediately Aefore use as a precaution against possible break­
down of the chemicals on storage. The solutions were never 
stored and a fresh lot of solutions was made up for each experi­
ment.
(5) Light sources and arrangements.
The plants were given the light treatments in a 
thermostatically controlled darkroom at a temperature of 
25±1°G. Those which were to be kept in the dark throughout 
were usually put into a light -tight chamber which was situated 
in the same darkroom..
mSource of red light was two 20 watt Philips 2 ft# red 
fluorescent tubes (TL 20w/15) in conjunction with a red "Perspex”
(R. 400) filter.
The far red source was three 100-watt Siemens reflector 
floodlight incandescent bulbs in combination with one of three 
different types of filters: red (R400.) and blue (B700) "perspex”, 
Kodak "Wratten No.88A filter, and Ilford No.207 "infra red ” 
filter.
The light sources were housed in wooden boxes that 
were light-tight except for the filter systems. Adequate 
ventilation was also provided for to the case of the far red 
source. The three bulbs of the far red source were arranged 
so that one, two or three of them could be switched on at any 
one time.
The transmittance data of the filters are given in 
Table I. It should be noted that no equipment was available 
to measure the transmittance of the filters here, the data 
gmven were obtained from the manufacturers of the filters or 
by reference to published data of workers who had used 
similar filters and light sources.
Further details of.: durdition of illumination and of 
the sequence of radiations given will be given in the 
appropriate places in the text.
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TABLE 1
Transmission data for filters used
Filter
Wavelengths of 
transmission 
range Cmu)
Reference
Red (R400) "perspex". 580 ——— 700/ Black and Kareing, 
1959.
Red (R400) and Blue 
(B70Q) "perspex". 650 ---1000: Black and Waremng, 
1960.
Kodak "Wratten" 
No. 88Â.
725 and above Kodak, 1958.
Ilford No. 207, 720 and above Ilford, 1960.
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(6) Extraction of Plant Materials.
The plant material required for extraction purposes 
were grown in the same manner as those for the biological
tests. Generally, they were used when they were 4 day old.
Extracts were made from the first internodes (this reason 
for this will become apparent in Chapter VII)# J
The shoots of Avena seedlings were severed from the
grains at the base and each shoot was then separated into
two parts, the coleoptile and the first internode by a cut 
at the base of the coleoptile. They were then put into a 
beaker surrounded by a sodium-chloride/ice cooling mixture 
(temperature about -10°C.). When all the material were cut, 
extracts were obtained by macerating the chilled material 
with the various chilled extracting liquids used (volume about: 
four times the weight of the tissue) in a blender. The %rei 
was then left in the dark at -14^C. in the deep freeze but in 
the case of water extracts in the refrigerator (+3^C.) for 
at least 24 hours and was then filtered.
At the beginning, some of the crude extracts were, 
assayed for activity in the first leaf base section test 
without further purification or separation other than mere 
dilutions. Later most of the crude extracts were concentrated 
under reduced pressure in a flash-evaporator and then separated 
by chromatography. OnsDiie occasions, a purification and 
fractionation of the aqueous, extract was attempted . This was
done by concentrating the crude extract in a flash-evaporator 
to a small volume, this was then acidified to pH 3 by the
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addition of a few drops of phosphoric acid (S.G.=1.75) and
shaken with an equal volume of ether. This was repeated three
times and the ether fractions were combined. This combined
ether fraction was then shaken with an equal volume of
sodium bicarbonate and this was repeated three times also.
The bicarbonate fractions were combined and acidified to pH 3
with phosphoric acid and the acidic substances were recovered
by shaking the bicarbonate fraction with tliree volumes of ether.
The ether fractions were collected and combined and the bicar-
acid
bonate fraction discarded. This/ether fraction and the neutral 
ether fraction were then reduced to a small volume under reduced 
pressure for chromatography.
(7) Chromatography.
The concentrated extracts were strip-loaded on to 
Whatman’s No. 2 paper (4 cm. x 50 cm.) and developed by the 
descending method at room temperature. The solvent used was 
iso-butanol:methanol;water;i80:5:15, (Nitsch 1956). On each 
occasion, the concentrated extract was loaded on to àt least 
two chromatograms of the size indicated above. The chromatograms 
were suspended in glass tanks between glass rods held together 
at the ends by plastic rings. The upper edges of the chromatograms 
were placed into a porcelain trough and were left to equilibrate, 
for an hour with the vapour of the solvent at the bottom of 
the tank. After this time, fresh solvent was poured into the 
trough through a small hole in the glass lid of the tank and 
was allowed to rundown the chromatograms for about 17 hours.
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The tank was kept in a room which was usually dark except for 
periods when other workers using the same room were in there 
with the lights on. However, these periods were usually rather 
short. With this period of development, the solvent had 
usually travelled a distance of about 27 cm.
The chromatograms were usually air-dried or with the 
aid of a stream of cool air from a hair-dryer. The chromatograms 
were never stored, they were assayed on the same day. They were 
usually examined under UV light before assay. Marker chroma­
tograms for lAA and GA were also rum for each occasion. lAA 
was located by spraying with Ehrlich’s reagent (p-dimethylamino- 
benzaldehyde and HCl). GA was located under UV radiation after 
spraying the paper with a mixture of ethanol and concentrated 
sulphuric acid (60:40 by volume).
(8) Bioassav.
The Avena first leaf base sections test described 
earlier was used. The chromatograms were cut transversely 
into 10 segments, corresponding to intervals of 0.1 Hf value. 
Each segment was then cut up into strips and put into the 
test solution (5 ml.) in a 9 cm. Petri dish. Solvent run 
chromatographic paper was used for the controls. Ten replicates 
of the control were used for each experiment. On each occasion 
a second chromatogram was also cut up in a similar manner and 
put into test solutions which contained 1 pptt>. GA and five 
replicates of control with GA were included. The strips of 
chDomatograms,were always put into the test solutions at least
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three hours before the first leaf base sections were put in.
It should be mentioned that the Avena seedlings used in the 
first leaf base section teat for bioassay of the extracts were 
all 3 day old ones. The reason for this choice of material 
will be considered in Chapter VII.
(9) Presentation of results and statistical analysis.
In each experiment of the biological tests, two 
replicates (each of 10 sections per replicate) were used for 
each treatment. The means of the two replicates were usually 
very close, therefore the mean value for each treatment in 
any experiment is usually the mean of the two replicates. The 
results were expressed as mean extension in mm.
Analysis of variance was applied to the experimental 
data,the level of significance used was (P=0.05>. The 
least significant difference at the level (LSD) was also 
calculated and indicated in the graphs.
In experiments of bioassay, the mean growth of each
assay dish (lOsectiens per dish) was expressed in mm. Level
of significance was estimated by determining the standard X  
deviation of the grand mean of the controls: S.P.-V^
where %  = grand mean of the means of the ten controls.
X = mean of each control dish,
n = total number of control dishes.
Means of the individual assay dishes differing from the grand 
mean of the controls by two times the standard deviation cal­
culated (the fiducial limit) are considered to be significant 
at the level. The results were plotted as histograms.
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CHAPTER III 
RESULTS
Responses of Avena Goleoptile and First Internode Sections 
to Auxins, Gibberellic acid, and other Growth Regulators
(1) Response of Avena Coleoptile Sections to_._IAA and GA.
Growth of Avena coleoptile sections was tested in the 
presence of either lAA or GA alone and also in fixtures: of the 
two growth substances in equal proportions* The concentration 
range of 10 to 0.01 mg./I. was used for each of the two substances 
and all possible combinations of the two substances were emgdoyed. 
The results are shown in Fig's. 2 and 3, and in Table 2 and3. 
lAA alone induced the usual response of increased growth with 
the optimum at the hoghest concentration used, 10 mg./I.. GA, 
however, produced a different kind of log.dose-response curve, 
a flat-topped curve without a pronounced peak. All the concen­
trations of GA gave a stimulatory effect which is significant. /Ke 
The more favourable concentrations appear to be 1 and 0.1 mg./I. 
Analysis of variance of the dèta indicates that there are 
significant interactions between lAA and GA. These interactions 
appear to be a depression of the GA effects by lAA at all 
levels in certain combinations of the two substances. At other 
combinations of the two substances, there are no significant 
interactions and the effects of lAA and GA were simply additive. 
There were no sign of any sjnergism between the two substances 
at any of the combinations. These results here are in agreement
with those obtained by Hayashi and Murakami (1953bi 1958) and 
by Nitsch and Nitsch (1956) in that GA alone can induce
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increased elongation of Avena coleoptile sections and the 
absence of synergism between lAA and GA in their combined 
action on coleoptile sections.
(2) Response of Avena First Internode Sections to lAA and GA.
In view of the rapidly increasing use of the Avena
first internode section test in studies of plant auxins since
the method was developed by Nitsch and Nitsch (1956), it was
thought desirable to examine more closely the response of
this tissue to GA with reference to its response to lAA. Moreover
as far as the writer is aware, apart from a brief report of GA
action on this tissue (Nitsch and Nitsch 1956), there has
been virtually no other account of GA action involving this
tissue. The experiments to be described in the rest of this
chapter have been done with Avena firstjf internode sections.
(A) The effect of alcohol on the growth of Avena first internode 
sections.
It has been reported by Mer (1958) that ethanol at 
concentrations of 0.2 and 0.3^ had a stimulatory effect on 
the growth of the first internode of intact Avena seedlings.
It was decided to see whether low concentrations of absolute 
alcohol which had been used to dissolve the GA (although the 
concentration of the alcohol in tae solutions used here was 
never more than 0.1^) has any effect on the growth of the 
first internode sections used under the conditions here.
The concentrations of alcohol tested were 2, 0.2, 0.02, 
and 0.002^. It can be seen from the results (Fig. 4) that 
no stimulatory effect was obtained with any concentration of 
alcohol used.
TABLE 2
The Effects of lAA and GA on the Mean Extension 
Growth (mm) of Avena Coleoptile Sections 
(Experiment GIG 1)
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Cone, of 
GA (onm)
Concentration lAA (ppm)
0 10 1 0 »1: 0.01
0 1.38 2.-62 1 ..66. 1.48 1..35
10 1.90. 3..23 2..18 1.97 1 ..77
1 2..18 2.93 2.-24 1.81 1 .85,
0 .1. 2.29 3.03 11.-99 2.07/ 1.93
0 .G1 1.98 3.02 2.12 1.93 1 .65
Least significant differences; 0.23 (P=0.^05); 0.31 (P=0*-01).
Each value is the mean of two replicates (each replicate of 
10 sections). Each coleoptile section (initial length = 3.^5mm.) 
is cut at 3 mm. from the tip of the coleoptile. Control 
medium is citric-phosphate buffer plus 2 %  sucrose (pH=5). 
Incubation period of 20 hours in the dark at 25^C.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Squares
Mean
Squares
lAA main effects 4 9.92 2.4800**
GA main effects 4 2.12 0-^3300**
Interactions lAA x GA 16 0.51 0.0318*
Error 25 0.31 0.0124
Total 49 12.86
** Variance ratio significant at P = 0#.01. 
* " " P = 0.05.
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TABLE 5
The Effects of lAA and GA on the Mean Extension 
Growth (mm) of Avena Coleoptile Sections 
(Experiment CIG 2)
Cone, of Concentration lAA (bpm)
GA (£>pml
0 10 1 0.1 0.01
0 1.88 4.16 2.32 2.14 1.89
10 2.60 4.33 2.87 2.58 2..65
1 2.82 4.41, 2.87 2.67 2.87/
0.1 2.95 4.05 2.78 2.62 2.62
0.01 2.77 4.14 2.98 2.35 2.58
Least significant differences 0.26 (p=0.05); 0.34 (P=O.Ot) 
Explanatory notes as in Table 2.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares,
Mean
Sauares
lAA main effects 4 21.71 5.4275**
GA main Effects 4 2.56 0.6400**
Interactions lAA x GA 16 1.08 0.0675**
Error 25 0.39 0.0156
Total 49 25.74
** Variance ratio significant at P=0.01.
^ 4
Avena
Coleoptile Sections
Pig• Effects of lAA and GA on the growth
of Avena colc-optile sactions:.
(Expt. CIG 1.) 
c = control.
Explanatory notes as in Table 2,
Avena
Coleoptile sections
3 . The Effects of lAA and GA on the growth of 
Avena coleoptile sections;.
(Expte CIG 2)
Explahatory notes as in Table 3.
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Fig.. 4. The Effects of low concentrations 
of alcohol on the extension growth 
of Avena first: internode, sections.
C = control.
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(B) The effects of lAA and GA alone.
In these experiments, the Avena first internode sections, 
were cut at 2 mra. from the coleoptilar node (this type of section 
was also used in the experiment described in the last section), 
such sections will be referred to as (-N) sections in the 
rest of the thesis.
It can be seen that lAA alone was very active in 
increasing the growth of the sections over the higher concen­
trations of the range of concentrations used (Table 4, Fig.
5 and 6). The optimum concentration was 10 mg./I. and the lower 
limit appears to lie between 0^ .1 and 0.01 mg./I. GA alone, 
on the other hand, was far less active than lAA in its effect 
on elongation of the first internode sections. Although the 
effect of GA is small, it is nevertheless: definite and significait 
statistically. The response of the first internode sections to 
GA was relatively uniform over a fairly wide range of 
concentrations, significant effects were usually observed at 
concentrations of 10, 1, 0.1, 0#01 mg./I. The optimal concen­
trations appeared to be at 1 and 0.1 mg./I. It should be mention­
ed, however, that in one experiment (Fig. 6), only one concen­
tration, 1 mg./I. produced a statistically significant response tc 
to GA, although at some of the other concentrations tested, the 
responses only just failed to reach significance. On the whole 
it may be fair to say that this type of first internode sections 
under the conditions used here can either give slight but 
significant response to GA or just fail to do so. The results 
given here confirm those of Eitsch and Nitsch (195$) who had
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• TABLE 4
The Effects of lAA and GA on the Mean Extension 
Growth (mm) of Avena First Internode Sections
Gone.
Exneriment Ko.
Mean
lAA (ppm) At A2 A3 A4
0 0.83 0.52 0.59 0.44 0.59
1 0 0 1.53 1...38 1.54 1.40/ 1.46,
1 0 2.24 2.26, t.94 2,28 2.18
1 1i.1:3 1.36 1 . 0 1 1.78 1 .32
0.99 0.93 0.77 1.36: 1 . 0 1
0..01 0.97 0.72 0.77 0.99 0.863
0 »0 0 i1 0.82 0.80 0.70, O'. 6.7 0.74
0 . 0 0 0  Ti 0,. 73 0.76 0;.75 0V69 0.73
Cone.
G A. .(ppm)
1 0 0 1.07 0.67 0.98 O'. 70 0.85
1 0 1.30) 0.73-) ' 1.04 0.89 0.-99
1 1.-33 0 . 8 8 0.97, 0.-79 0.99
Owl 1.42) 0.76 1.09 1.08 1.09,
0 ^ 0 1 1.27/ 0.-77/ 0.87 0.72' 0.-91
0 . 0 0 1 i;.09 0.73 0.77 0.59 0.-79
0 . - 0 0 0 1 1 .0 1 , 0.60 0.-78 0.-52 0.73,
A2, 0,28 
A3, 0,18 
A4, 0.26 
Mean, 0.26
0.37 (P=0.01) 
0.39 '•
0.25 '•
0.36 "
0.34 '»
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Each value is the mean of two replicates, (each replicate of 
10 sections). Each first internode section (initial lenth 
= 3.5 mm.) is cut at 2 mm. from the coleoptilar node. Control 
medium is citric-phosphate buffer plus 2fo buffer (pH=5). 
Incubation period of 20 hours in the dark at 25°C.
-toalvsis of Variance 
(Experiments' A1 —  A4)
Effects Decrees of 
freedom
Sums of 
Sauares
Mean
Sauares
Treatment main effects 14 8*76 0.6257
Occasion main effects 3 0.58 0.1933**
Error j 'io-n 42 1.35 0.0321
Total 59 10.69
** Variance ratio significant at P = 0.01.
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Explanatory notes as in Table 4.
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Explanatory notes as in Table 4.
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used a similar type of sections from a different variety of 
oats.
A possible explanation of the slight or lack of response 
of these sections to GA may be suggested by assuming that the 
residual auxin levels in such sections are suboptimal so that 
they give a large response to exogenous lAA but little if any 
response to added GA. This would be in keeping with the claim 
made by Brian and Hemming (1958) that auxin has to be present for 
gibberellin action to be detected. This is of course the possibi­
lity that the GA effect may be just simply determined by the 
stage of maturity of the tissue concerned. This was first 
observed by gayashi and Murakami (1953a) who found that with 
isolated pea sections the younger sections responded more to 
GA than to auxin.They have also reached a similar result with 
Avena coleoptile sections. Ricard and Nitsch (1958) have shorn 
that very young wheat coleoptiles were insensitive to auxin 
but elongated in response to GA.
(G) The,, effe_ct of the location of the Avena first internode 
section on the seedling.
It has already been mentioned above that in tissue 
sections a pronounced response to gibberellin is associated 
with greater enddigenous growth rate, a fact which has been 
correlated with a higher level of endogenous auxin in the 
sections having a high endogenous growth rate (Brian, 1959a). 
Nitsch and Nitsch (1956) have found that Avena first internode 
sections cut from different parts of the seedling varied in 
their response to low concentrations of lAA. In the following
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experiments 5 the influence of the location of the first 
internode sections on their response to GA was investigated.
In one experiment (Tabled, Fig. 7), five types of 
first internode sections, were employed, they were cut with 
the coleoptilar node included, (+K) sections;: just below the 
coleoptilar node,(bN) sections;: at 2 mm. from the coleoptilar 
node, (-N) sections; at 4 mm. from the coleoptilar node, (-4N) 
sections; and at 6 mm., from the coleoptilar node, (-6 N) sections 
respectively. All the sections were 3.5 mm. in length initially. 
In another experiment (Table 6 , Fig. 8 ) only the first three, 
types of sections were used. It can be seen that the endogenous 
or control growth {(rate of the first internode sections increases 
as the sections are cut closer to the coleoptilar node, as. 
indeed, the highest endogenous growth rate was obtained ijith 
the sections cut with the coleoptilar node included. The 
following features cafe be noted with regards to the response to 
lAA. At low concentrations of lAA, 1, 0.1 0.01 mg./I.., the 
optimum response occurred when the first internode sections were 
cut 2 mm. from the coleoptilar node (-N) sections. The responses 
of the (-4N) and (-6 N) sections at all the concentrations of 
lAA tested were very much less than those of the (-N) sections. 
These data Confirm those of Nitsch and Nitsch (1956) who used 
only one concentration of lAA 0.^ 01 mg./I. However, it is 
interesting to note that at the highest concentration of lAA 
tested 1 0  mg./I. optimum response was obtained with the sections, 
cut just below the coleoptilalr node, (bN) sections. Although 
the endogenous growth of the (+N) sections was two or three
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T Æ L E  5
The Effep-ts of the location of the Avena First. 
Internode Section in the Seedling on Its 
Growth In lAA and GA 
(Experiment B1)
ÎJ.pes .of 
Sections
Concentration (ppm)
lAA
0 1 0 1 0 . 1 0 . 0 1 1 0 ' 1 0 . 1 0 . 0 1
+N 1.56 2.90 2..03 1 .74 1 . 8 8 2.70 2.82 2.80 2.89
bN 1.18 2.69 1.83 1.60 1.40 2.03 1.-80 1.82, 1.-73
~N 0.94 2 . 1 2 1.80 1.53 1 .,11 1.34 1.18 1.23 1.26)
-4N 0.65 1.46 1.24 1.06 1 . 0 1 0 . 8 8 0.79 0.78 0.90'
-6 N 0.39 0 . 8 6 0^84 0.67 0.45 0.62 0.54 0.41 0.51
Least signijrleant difference: 0.15 , (P=0*05); 0 . 2 0 (P=0.01).w  /  '  /
All sections were initially 3.5 mm. in length. (+N) sections 
were cut with the coleoptilar node included; (bN) sections were 
cut just below the coleoptilar node; (-N) sections were cut at 
2  mm. from the coleoptilar node; (-4N) sections were cut at 4mm., 
from the coleoptilar node; and (-6 N) sections were cut at 6 mm. 
from the coleoptilar node.
Each value is the mean extension growth (mm) of two replicates, 
(each replicate of 10 sections). Control medium is citric- 
phosphate buffer plus Z %  sucrose (pH=5). Incubation period of 
20 hours in the dark at 25°C.
Analysis of Variance
Effects Degreesi of Sums of 
Sauares
Mean
Sauaresfreedom
Treatment main effects 8 6.80 0.8500**
Types of sections effects 4 34.52 8.6300**
Interactions
(Treatment x types) 32 4.79 0.1496**
Error 45 0.26 0.0057
Total 89
** Variance ratio significant at P
46.37
0 .01.
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TABLE &
The Effect of the location of the Avena F&rst 
Internode Section in the Seedling on its 
Growth in lAA and GA 
(Experiment B2)
ÏYDeS of 
Sections.
Concentration (nom)
GA
0 1 0 1 0 . 1 0 . 0 1 1 0 ! 1 0 . 1 0 . 0 1
+N 1.23 2.38 $»95 1.74 1.39 2 * 1 2 2.13 2.14 1.97
bN 0.80 3.36 2.31 2.07 1.48 1.62 1.60 1.51 1.94
-N 0.47 2.59 1.83 1 .70 1 . 1 2 0 . 8 8 0.72 0.85 0.75
Least significant difference: 0,25 (P=0.05); 0.34 (P=0.01).
All sections were initially 3.5 mm. in length.
Explanatory nates as in Table 5.
Analysis of Variance
Effects Degrees of Sums of Mean
freedom Sauares Sauares
Treatment main effects 8 13.72 1.7150**
Types of sections main effects 2 5.26 2.6300**
Interactions 
(types X treatment ) 16 4.11 0.2568**
Error 27 0.41 Oà.0151
Total 53 23o50'
** Variance ratio significant at P=0.01.
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Fig. 7'. The effecta!' of the location of the section 
in the seedling on the growth of the Avene- 
first internode sections in lAA and GA.
(Expt. BTi)
C = control.
Explanatory notes as in Table 5.
A .ena IntPrnode Sections
Fig. 8 . The effect of the location of the section 
in the seedling on the growth of the Avena 
first internode sections in lAA and GA.
(Expt. B 2 )
C = control.
Explanatory notes as in Table 6 .
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times greater than that of the (-N) sections., the response 
of the former type of sections was always less than that of 
the latter type of sections. Kitsch and Kitsch (1956) attributed 
the greater growth of the (+K) sections without lAA to the fact 
that the meristematic zone near the coleoptilar node functions 
as an auxin producing center. Mer (1951) has suggested that 
the growing point of the plumule which is situated just above 
the node may be the auxin producing center regulating the 
growth of the first internode in intact oat seedlings.,
GA, on the other hand, induced the greatest elongation 
in the (+K) sections. The response of the sections to GA 
decreased as the more distant away from the coleoptilar node the 
sections were cut. The magnitude of the response of the (+K) 
sections to GA was almost as much as their optimal response 
to lAA. All the concentrations of GA used, 10, 1, 0.1 0.^01 mg./I., 
induced very significant response with the (+N) sections- 
These data confirm the general finding that higher responses; 
to GA are associated'^higher endogenous growth rates (Vlitos 
and Meudt, 1957 a,b; Radley, 1958; Purves and Hillman, 1958).
(D) The influence of the coleoptilar node on the response 
of Avena first internode sections to lAA and GA.
In view of the significant effect of the coleoptilar 
node on the response of the first internode sections to GA 
found in the two experiments mentioned above, further experiments 
were carried out to confirm and establish this finding.
The results of six experiments are shovm in Table ?.
In each experiment, two types of sections were used, those
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TABLE 7
The Influence of the Coleoptilar fiode on the 
Response of Avena First Internode Sections 
to lAA and GA
Gone. Type of Sections
Experiment No.
m . NL2 NL3 NL5 NL6
îlasQ Maaa.
0
m
100.
10
1
0.1
0.01
0.001
(-N)
(+K)
(-N)
(+K)
(-N)
(+K)
(-N)
(+H)
(-N)
(+N)
(-N)
(+N)
0.67
1..09
0.74
1.20
0.76
1.28
0.73
1.41
0.80
1.17
0.68
1.16
0.73 
1 .22
0-00
0.00
1.81
1.40
2.59
2.53
1. 11
1.49
0.89
1.25
0.81
1.23
0.73
1.28
1 .68
1.50
2.30
2.38
2.25
1.95
1.99 
1.68
1.15
1.44
0.74 
1 .24
1.65 
1.78
2.66 
2.36)
1.96
2 .1 0
1.65
2.06
1.30
1.61
0.87
1.40
2 .1 0
1.87
3.15
3.82
2.36
2.57
2.18
2.35
1.39
1.61
0.74
1.18
1.91
2.00
3.22
3.46
2.62
2.64
2.24
2.22
1.46 
1.82
1.01
1.35
1.64
1.52
1.94
2.42
1.46
2.21
1.28
1.75
1.07
1.37
0.94
1.48
1.79
1.68
2.64
2.66
1.96
2.16
1.70
1.89
1.19
1.51
0.84
1.32
1.06
0.46
1.91
1.44
1.23
0.94
0.97
0.66
0.46
0.29
0.11
0 .1 0
GA
100;
10
1
0.1
0.01
0.001
(-N)
(+N)
(-N)
(+N)
(-N)
(+N)
(~N)
(+N)
(-K)
(+N)
(-N)
(+N)
0.83
1.54
0.94 
1.61
1.02
1.57
1.06
1.99
0.87
1.91
0.66 
1.33
0.75
1.56
1.06
1.79
0.98
1 ..64
1.00
1.86
0.89
1.72
0.77
1.51
0.87
1.60
1.03
1.99
1.07
2.20
1.16
2.24
0.96
2 .1 2
0.80’
1.82
0.89
1.62
0.95
2.08
0.96
2 .12
1 .05 
2.14
0.94 
1.93
0.78
1.35
1.15
1.61
1.19
2.27
1.26
2.30
1.24
2.45
1.08
2.34
0.80
1.72
0.88
1.48
0.84
1.68
0.86
1.93)
0.92
2.13
0.79
1.96
0.77
1.69
0.89
1.57
1.00
1.90
1.02
1.96
1.07
2.13
0.92
1.98
0.76
1.57
0.16
0.35
0.27
0.68
0.29
0o74
0.34
0.91
0.19
0.76
0.03
0.35
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Least significant difference:
NL1 , 0.39 (P=0.05) Î 0.52
KL2, 0.39 T! ? 0.53
NL3, 0.31 It 7 0.43
NL4, 0.41 rt 7 0.56
NL5,
NL6 ,
0.49 rr 7 0.67
0.17 tr 7 0.23
Means , 0.35 It 7 0.45
All sections were initially 3.5 nun. in length. (+N) sections were 
cut with the coleoptilar node included, (-N) sections were cut at 2 mm. 
from the coleoptilar node.
Each value is the mean extension growth (mm) of two replicates,
(each replicate of 10 sections). Control medium is citric-phosphate 
buffer plus 2 % sucrose (pH=5). Incubation of 20 hours in the dark 
at 25 C.
Mean A L  = mean of treated - mean of control.
Analysis of Variance 
(Means of Experiments ÏÏL1 - ML6 )
Effects Dec:rees of Sums of Mean
Meédom Sauares sauares
Treatment main effects 1 2  , 29.19 2.4325**
Type of sections main effects 1 11.37 11.3700**
Occasion main effects 5 4.40 0.8800**
Interactions 
(Treatment x type) 1 2 5.84 0.4866**
Interactions
(Treatmentxoccasion) 60 3.48 0.0580
Interactions 
(Type X occasion) 5 0.30 0.0600
Error 60 7.55 0.1258
Total 155 62.13
** Variance ratio significant at P=0.01.
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cut with the coleoptilar node included, (+N) sections, and 
those cut at 2 mm. from the coleoptilar node, (-N) sections.
Both lAA and GA were each tested alone in a range of six 
concentrations 100, 10, 1, 0.1, 0 . 0 1  and 0.001 mg./I. In the 
graphs shown here (Fig. 9, 10 and 11), the absolute growth AL 
(growth of treated sections - growth of control sections) due, 
to either lAA or GA had been plotted against the log.dose, 
this is to facilitate a comparison of the responses of the 
two types of sections. The data are in general agreement with 
those given in the last section. The average values of the 
six experiments are shown in Fig. 9. It cab be seen that the 
responses of the (+N) sections to lAA were always less than 
that of the (~K) sections, at all the concentrations except 
the lowest concentration, 0.001 mg./I. At the lower concentration 
of lAA, the responses of the two types of sections were not 
significantly different, while at the higher concentrations, 
they were significantly different (Fig. 9 and 10). At times 
the sensistivity of the two types of sections to lAA were not 
significantly different even at high concentrations, (Fig. 11).
In this series of experiments, the responses of the (-N) 
sections to GA frequently just failed to reach significance, 
although in a few cases, they just reached significance. The 
(+N) sections, on the contrary, gave highly significant responses 
to GA, and consistently so at the following concentrations of 
GA, 10^ 1 , 0.1, and 0.01 mg./I. The results clearly indicate/ 
that the presence of the coleoptilar node has a great effect 
in increasing the response of the first internode sections to
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GA. This may be due to the presence of a source of auxin supply 
near or at the node, or just due to the mere presence of an 
actively growing raeristematic tissue. The results seem to suggest 
that GA may be involved in affecting cell division occuring 
in the meristematic zone near the node, as it has been shown 
that cell division occurred in the Avena first internode up 
to 5 day old (Goodwin, 1941; Avery, Burkholder and Creighton 1937 
).
(E) The effect of "starvation".
Hayashi and Murakami (1953a) found that dark grown 
pea epicotyl sections which had been starved in distilled water 
for IB hours at 25^C. no longer: responded to GA but continued 
to respond to lAA and that a synergism between lAA and GA was 
obtained with these starved sections. Purves and Hillman (1959) 
also using etiolated pea epicotyl sections, observed that 
sections starved for 24 hours in ()V02 M. phosphate buffer 
(pH=6 .1 ) was promoted by GA and lAA alone, but there was no 
synergism between the two substances. The results of Hayashi 
and Murakami (1953a) had been interpreted as an indication 
that lAA may be necessary for GA action. The effect of starvation 
on the responses of Avena first internode sections has been 
examined in the experiments described below.
Initially two methods of starvation were employed, one 
method was to leave the sections submerged in distilled water 
and left for a definite period of time in the dark at 25^0. 
Another^method was to suspend the sections over a piece of
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cheesecloth which was stretched over distilled water, thus 
the sections were held breaking the surface of the water. These 
were also left for a definite period of time in the dark at 
25°C. After a period of starvation, the sections were incubated 
in the test solutions under the conditions described in 
Chapter II for the Avena first first internode section test.
The incubation period was always 20 hours.
The results of three experiments using (+N) type of 
first internode sections cut with the coleoptilar node included 
are shown in Table 8  and 9 and Fig. 12, 13 and 14. The values 
of the extension given here refer to the extension which took 
place during the incubation period after the starvation period. 
When the (+N) sections were starved by submerging them in €  
distilled water in the dark for 24 hours at 250C, neither the 
control sections nor the sections treated with lAA and GA gave 
any significant responses (Fig.. 12', Table 8 , Expt. 8 TA 1).
The growth of the sections were inhibited. However,, when the 
(+N) sections were starved by floating them over distilled 
water for 24 hours, they grew very well, and their growth was 
promoted by both lAA and GA alone (Fig. 13, Table 8 , Expt.STA 2). 
The responses of the starved sections to lAA were not significantly 
different from that of non-starved sections at all the concen­
trations tested except at the highest concentration, 1 0  mg./I. 
where the response of the starved sections appeared to be 
significantly higher. The responses of the starved sections 
to GA were not significantly different from that of the non­
starved sections over the range of concentrations used. In
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TABLE 8
The Effects of lAA and GA on the Mean Extension Growth, (mm.) 
of starved Avena First Internode Sections (+NT
Exnerimerit Lo.
Cone. STA 1 STA 2
(ppm)
Sb^ NS Sf.
0 1 o 36 0 . 0 2 1.31 1.31
lAA
1 0 0 1.96L -0 . 0 1 - -
1 0 2.26 -0.04 2.18 3.18
1 1.83 -0.05 1.98 2 . 0 1
0 . 1 1 . 6 8 -0 . 0 2 1.58 1.60
0 . 0 1 - - 1.47 1.27
GA*
1 0 2.08 0.-05 1.79 1.65
1 2.14 0 . 0 0 1.82 1.87
0.4, 2.31 -0.03 1.96 1.46
0.01 2.08 -0.04 1 .79 1 .-44
Least significant difference:
STA 1, 0.19 (P=0.05); 0.26 (P=0.01).
STA 2 , 0.30 " 5 0.41 "
All first internode sections were initially 3.5 mm. in length 
and cut with the node included (+N) section. Control medium 
is citric-phosphate buffer plus 2 %  sucrose (pH=5 ). Incubation 
period of 20 hours in the dark at 25^C.
NS denotes sections which were not starved.
Sb denotes sections which were starved by submerging them in
distilled water for 24 hours in the dark at 25^0.
Sf denotes sections which were starved by floating them in
distilled water for 24 hours in the dark at 25*0.
Each value is the mean of two replicates, (each replicate of 
10 sections). The values are the mean extension growth mm. 
during the incubation period only after the starvation period. 
Control medium is citric-phosphate buffer plus 2 %  sucrose (pH=5) 
Incubation period of 2 0  hours in the dark at 2 5 ^0 .
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TABLE 9
The Effects of lAA and GA on the Mean Extension Growth (mm) 
of starved Avena First Internode Sections i+N) 
(Experiment STA 3)
Cone.
Pretreatment
(ppm) Sb Sf
m m , 24 liTi 15 hr. 24 hr..
O' 1.45 -0.08 -0.06 1.37 1.32
I M
1 0 " 2.87 -0.45 -0.03 3.15 2.35
1 1.32 -0.07 —0 . 0 2 1.91 1 .60
0 . 1 1.60 -0.05 0 . 0 1 1.50 1.19
GA
1 1.69 -0 . 0 2 0.03 1.92 1.75
0 . 1 1 . 8 8 -0.04 0 . 0 0 2.17 2 . 0 2
0 L0 1 1 .91 -0.04 0.04 ' 2.27 1..77
Least significant differences 0.-33 (P=0.05); 0.45 (P=0.01). 
Explanatory notes as ini Table 8 .
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Experiment STA 3 (Table 9, Fig. 14) one lot of (+N) sections 
were starved by submersion for 15 and 24 hours respectively, 
another lot were starved by floatation for 15 and 24 hours 
also, a third lot of sections,were-not starved at all. It can 
be seen that the sections starved by submersion for either 15 
or 24 hours behaved in the same way as those described above. The 
sections starved by floatation for 24 hours responded in 
essen^tially the same way as described above. The only difference 
being that at the highest concentration of lAA (10 mg./I.) used, 
the response of the starved sections appeared to be significantly 
less than that of the non-starved sections. The sections starved 
by floatation for 15 hours did not significantly induce higher 
response thab that of the non-starved sections. The responses 
of these sections to lAA and GA wao^not significantly diffefent 
from that of the non-starved sections at all the concentrations 
used.,
Nitsch and Kitsch (1956) had observed that even with 
a 3 hour immersion of the first internode sections in distilled 
water decreased the response of the sections to lAA subsequently. 
In the experiments reported here, the immersion of the (+N) 
first internode sections in water for 24 hours had completely 
depressed the growth rate of the sections. This may be due to 
the fact that during immersion, the anaerobic conditions has 
prevented any elongation of the sections. It appears that there 
is a process during this immersion period which brings about 
a permanent change in the cell wall preventing elongation even 
when the sections are returned to favourable conditions and
8 3
supplied with lAA and GA. It has been observed by Heyn (1941) 
that when coleoptile sections were kept in a non-expanding 
state for a sufficient time, they lost their ability to respond, 
to added auxin by elongation. Heyn attributed this to a 
so-called cell wall stiffening process. A similar stiffening 
process has also been found to occur, in Avena and wheat 
coleoptile sections pretreated with isotonic mannitol (Cleland 
^nd Bonner, 1956; Adamson and Adamson, 1957; Carr and Kg 1959). 
This cell wall stiffening may involve a setting of the pectic, 
substances of the cell wall by cross linkage formation (Cooil 
and Bonner, 1957) or due to a deposition of new cell wall irf 
material on the inner surface of the wall (Wardrop)and Cronshaw, 
1958).
It may be reasoned that the long period of washing of 
the sections during the starvation period by floatation would 
have reduced the level of the endogenous auxin in the sections 
so pretreated, and if the hypothesis of the dependence of GA 
activity on the presence of auxin were correct, then such 
sections would exhibit a lower response to GA than the non- 
starved sections. The data obtained here do not show that 
this is-so. There is, however, no information available on 
the auxin content in these sections.
Table 10 and Fig. 15 show the results of two experiments 
in which the (+H) sections were starved by submersion in 
distilled water for 24 hours in the dark at either SPc. (kept 
in a refrigerator) or at 25°C. after which they were tested in . 
0.1. mg./I. of lAA and a range of GA concentrations, 10, 1 , 0.1,
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TABLE 10
The Effect of Temnerature on the Response of starved 
Avena First Internode Sections (+K) to lAA and GA
Exnt. Conc. Concentration GA (ppm)
No.
% i )
Oc.
0 1 0 1 0 * 1 0 . 0 1
0 3°
25°
1.09
0.04
1 . 2 0
-0.09
1 .47 
-0.07
1.41
—0.05
1.49
-0.04
TS 1,
3 8
25°
0 . 1 1.44: 
—0.05
1.49
-0.04
1.70
-0.04
1*55
-0.03
1.77 
0 . 1 0
0 3 0
2 5 0
0*99 
—0 . 1 2
1.47
-0 »1 l!
1.26
-0.16
1.26 
— 0  .-12
1.27
-0.05
TS 2
0 . 1 3°
25°
1.57
-0.17
1.92
-0 . 2 0
1.87
-0.07
1 .6 6 ,
—0 . 1 0
2 . 0 2
— 0  *06
Least significant difference:
TS 1 , 0.18 (P=0.05); 0.24 (P=0.01).
TS 2, 0.22: " ; 0.30; "
All' sections were starved by submerging them in distilled water 
for 24 hours in the dark at either 30C. or 25°C.
Explanatory notes as in Table 8 .
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Explanatory notes as in Table 10.
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0.01 mg./I. They were also tested in GA in the presence of 
lAA. It can be seen that starvation by submersion at 25°C. 
confirm the results of the previous experiments given above, 
growth was almost completely suppressed. However, the sections 
starved in a similar manner at 3^0. responded quite well to 
the subsequent treàtments. lAA had a significant effec# on 
these sections and GA also produced significant effects, GA 
and lAA together did not, however, give more than additive 
effects. It is difficult to find an explanation for the 
behaviour of the sections which had been starved at low 
temperature (3^0.) . There is no reason to suppose that the 
wall stiffening process which occurs in the sections starved 
at 25^0. did not take place in the sections starved at low 
temperature (3°C.) One possible explanation could be suggested 
that at low temperature the wall stiffening process^ may, in 
some way, be reduced to a considerable extent, thus preventing 
the tfensition of the, cells from an expanding to a non-expanding 
state.
The effect of starvation on the responses of the (-N) 
sections cut at 2  mm. from the coleoptilar node had also been 
investigated. Here the sections were starved by placing them 
into 1 ml. of distilled 4/dt^ er in the small glass vials ( 1 0  
sections per vial) and left on the horizontal shaking machine 
in the dark at 25°C. for 24 hours. After this time, the sections 
were transferred to the test solutions and incubated in the 
dark for 20 hours at 25^0. The results of three experiments 
are shown in Table 11, 1 2  and 13, and Fig. 16. The values give^i
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TABLE 11:
Th^ Effects of lAA and GA on the Mean Extension Growth
of starved Avena First Internode Sections (-N)
(Experiment SN 1)
a
Conc. Concentration lAA (pom)
GA (ppm! 0 1 0 1 0 . 1 0 . 0 1
0 0.73 0*96 0.94 0.85 Oi8 6
1 0 0.87 1.08 0.81 0.77 0.75
1 0.83 0.97 0.78 0*79 0.79
0 . 1 0.78 1 .0 0 ; 0 . 8 6 0.79 0.92
0 . 0 1 0*73 0.96 0.85 0.79 0.74
Least significant difference: 0.24 (P=0.05); 0;32' (P=0.01).
Each value is the mean of ,two replicates,(each replicate of 
10 sections). Each first internode section (initial length 
= 3.5 mm.) was cut at 2 mm. from the coleoptilar node. Control 
medium is citric-phosphate buffer plus 2 %  sucrose (pH=5).
All sections were starved in distilled water for 24 hours at 
25 G. and then placed in the test solutions. Incubation period 
of 20 hours in the dark at 25°C.
Growth during the starvation period = 0.58 mm.
The values here are the mean extension growth (mm) over the 
whole starvation period plus the incubation period.
Analysis of Variance
Effects Deforces of 
freedom
Sums of 
Squares
Mean
Squares
lAA main effects 4 0.2906 0.0726*
GA main effects 4 0.0231 0.0057
Interactions (lAA x GA) 16 0.1117 0.0069
Error 25 0.5041 0 . 0 2 0 1
Total 49 0.9295
* Variance ratio significant at P=0*05.
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TABLE^12
The Effects of lAA and GA on the Mean Extension Growth (mm)
of starved Avena First Internode Sections (-N)
(Experiment SN 2)
Gone. Concentration lAA (ppm)
GA (ppm)
0 1 0  _ _ _1______ 0 . 1 ____
0 0.73 0.90 0.84 0.85
1 0 0.84 1 . 0 0 0 . 8 6 0\80
1 0.82 0.96 0.81 0.80
0 . 1 0.71 0.83 0.73 0.83
Least significant difference: 0.16 (P=0.05); 0.21 (P=0.01) 
Growth during starvation period = 0.52 mm.
Explanatory notes as in Table 11.
Analysis of Variance
E£fpcts, Degrees of 
freedom
Sums of 
Squares
Mean
Squares
lAA main effects 3 0*0936 0.0312**
GA main effects 3 0.0450 0.0150
Interactions (lAA x GA) 9 0*0380 0.0042
Error 16 0.0844 0.0052;
Total 31 0.1766
** Variance ratio significant at P=0.01.
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TABLE 13
The Effects of lAA and GA on the Mean Extension Growth (mml
of starved Avena First Internode Sections (-N)
[Bxperiment SN 3)
Conc. Concentration lAA (ppm)
GA (ppm) 0 1 0 : 1 0 . 1
0 0 . 6 6 0.64 0.61 0.59
1 0 0.58 0.64 0.60 0.67
1 0.60' 0.53 0.62 0 . 6 6
0 . 1 0.59 0.59 0.61 0 . 6 6  
____ , . _
Least significant difference: 0.12 (P=0.05); 0.4 7 (P=0.01). 
Growth during starvation period = 0.48 mm.
Explanatory notes as in Table 11.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Squares
Mean
Squares
lAA main effects 3 0*0137 0.0045
GA main effects 3 0 . 0 0 2 1 0.0007
Interactions (lAA x GA) 9 0.0263 0.0029
Error 16 0.0543 0.0033
Total 31. 0.0964
Avena First Internode Sectlons(-N)
9®
1*5
UJ 0*5
V
C C
Fig" 16. The effect of starvation orr the responses 
of the Avena first internode sections f-M) 
to lAA and GA. —
(Exp t. SN 1 )
C= control.
GS denotes the growth during the 
starvation period.
Explanatory notes as in Table 11.
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here are the mean extension of the sections over the whoTe ox 
the starvation period plus the incubation period. It can be 
seen that unlike that of the other experiments described above, 
the growth during the starvation period here was considerable 
and the actual further response to lAA and GA during the 
period of incubation was rather small. As expected, these 
sections with a low endogenous growth rate would not give 
very much more further response to auxin and GA after starvation. 
No significant effects were obtained with GA at all the 
concentrations used. lAA also did not give any significant 
effect except at one or two instances. Analysis of the data 
showed no interactions between lAA and GA at any of the combina­
tions used^ This does not lend support to the hypothesis that 
lAA is necessary for GA action.
(Fj interaction of lAA and GA on the growth of Avena first 
internode sections,.
Various reports of synergism or lack of synergism 
between lAA and GA in the growth of various plant tissues can 
be found in the literature on GA activity (Brian, 1959a, Phinney 
and West, 1960). In studies using Avena coleoptile sections 
(Hayashi and Murakami 1953b, 1958) synergism between lAA add 
GA has not been found. With Avena first internode sections, 
apart from the brief report by Nitsch and Nitsch (1956), no 
further investigations using Avena first internode sections 
have appeared. The following series of experiments was conducted 
using the Avena first internode sections to establish firmly 
whether there is any synergism between GA and lAA in this growth
9 2
system.
Tables 1 4 - 1 9  show the results of a series of six
experiments using the (-N) type of sections which were cut
at 2mm. from the coleoptilar node. The data of two individual
experiments (Expt^s IG 1 and IG 6 ) were plotted in Fig. 17 and
18. The average values of the six experiments are shown in Table
20 and Fig.^ 19. lAA and GA were each tested in the following
range of concentrations, 1 0 , 1 , 0 . 1  0 .0 1 , 0 . 0 0 1  mg./I. and
all possible combinations of the two were employed. lAA andGA
each alone gave essentially the same results as given earlier
in this Chapter. lAA alone produced significant elongation
of the sections with the optimum at 10 mg./I. GA alone induced
slight elongation which just reached significance or just
failed to do so. Variance analysis of the data revealed no
synergism between lAA and GA in any of the experiments, at
the best, the effects of lAA and GA together were only additive,
often they were leass: than additive. Table 2 1 and Fig. 20; show
a further experiment, and again no synergism was obtained
between lAA and GA. These results further indicate that in.
sections of tissues cut from dark grown plants, no synergism
between GA and lAA can be observed (Kato, 1958; Purves and
Hillman, 1958, 1959). Brian (1959a) has pointed out the lack
of synergism and a greater response to GA in the absence of
lAA is usually found in tissue/ sections which have a high
endogenous growth rate. However, here the type of first internode:
sections used,(-N) sections, do not have a high endogenous growth
rate compared with these cut with the node included, (+N) 
sections. The (-N) sections have a very slight response to GA'
TABLE 14
The Effects of lAA and GA on the. Mean Extension
Growth (mm) of Avena First Internode Sections
(Experiment IG 1)
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Conc. Concentration lAA (ppm)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 0.54 2 . 0 2 1.63 1 .35 1.19 0..77
1 0 0 . 8 6 2.16 1 . 6 6 1.46 1.26 0.81
1 0 . 8 6 2 . 2 2 1.50 1 .45 1.23 0 . 8 6
0 . 1 0:94 2.30 1 .84 1.52 1.07 1 . 0 2
0 . 0 1 0.72 2.27 1.52 1.55 1.25 0.81
0 . 0 0 1 0.70 1.95 1 .65 1 .31 1.06 0.78
Least significant difference: 0.23 (P-0.05); 0.,30 (P-0.01).
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first internode section (initial length 
= 3 . 5  mm) is cut at 2  mm. from the coleoptilar node. Control 
medium is citric-phosphate buffer plus 2 %  sucrose (pH=5). 
Incubation neriod of 2 0  hours in thedark at 25^C.
Analysis. of Variance
Effects Decrees of Sums of Mean
freedom Sauares Sauares
lAA main effects 5 16.26 3.2520**
GA main effects 5 0.37 0.0740**
Interactions (lAA x GA) 25 0.31 0.0124
Error 36 0.49 0.0136
Total 71 17.43
** Variance ratio significant at P=0.01.
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TABLE 15
The Effects of lAA and GA on the Mean Extension Growth
"(mm) of Avena First Internode Sections
(Experiment IG
C0P4-*.  ^
GA (ppm)
Concentration lAA (nom)
0 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 0.63 2.16 1.73 1 .09 0.70 0.69
1 0 0.85 2.29 1 .6 6 , 1.27 1 . 0 0 0.93
1 0.94 2.23 1 . 8 6 1 . 2 2 0.81 0.91
0 . 1 1 .05 2.41 1.76 1.26 0.96 0.89
0 ,0 1 :.' 1,05 2.35 1.70 1.14 0.84 0 . 8 6
0 ^ 0 0 1 0.85 2 . 0 2 1.52 1.15 0.82 0.81
Least significant difference; 0.45 (P=0.05); 0.58 (P=0.01). 
Explanatory notes as in Table 14.
Analysis of Variance
Effects Degrees of 
freedom
5
5
25
36
Sums of 
Sauares
lAA main effects 
GA main effects 
Interactions (lAA x GA)
Error
Total ^  ^
** Variance ratmo significant at P=0.01
1.9.62
0.47
0.36
1.46
21.91
Mean
Squares,
3.9040**
0.0940
0.0144
0.0405;
95
TABLE 16
The Effects of lAA and GA on the Mean Extension Growth
(mm) of Avena First Internode Sections
(Experiment IG 3)
Conc. Concentration lAA (ppm)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 1.25 2.38 1.89 1 .69 1 . 6 6 1.36
1 0 1.71 2.61 1.81 1.81 1.79 1 .84
1 1.70 2.25 2.14 1.79 1.85 1 ,85
0 . 1 1.81 2.35 1.97 1.85 1.67 1.74
0 . 0 1 1.53 2.34 1.83 1.77 1 . 6 6 1.56
0 . 0 0 1 1.37 2.17 1.82 1.77 1.49 1.46
Least significant difference: 0.42 (P=0.05); 0.54 (P=0.01) 
Explanatory notes as in Table 14.
Analysis of Variance
Effeè^s; Degrees, of 
freedom
Sums of 
Sauares
Mean
Sauares
lAA main effects 5 4.90 0.9800**
GA main effects 5 0.76 0.1520*
Interactions (lAA x GA) 25 0.29 0.0116
Error 36 2.37 0.0658
Total 71 8.32
** Variance ratio significant at P=0.01. 
* '* P=0.05.
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TABLE 19
The Effects of lAA and GA on the Mean Extension Growth
(mm) of Avena First Internode Sections
(Experiment IG 4)
Gone. Concentration lAA (ppm)
^  (ppm)
0 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 0.78 2 . 1 2 1.18 0.92 0.94 0.83
1 0 1.13 2.46 1.46 1.43 1 .42 1.25
1 1.18 2.49 1 .60 1 .30 1 .47 1.26
0 . 1 1.14 2.47 1.38 1.35 1.33 1.27
0 . 0 1 1.17 2.52 1.26 1.47 1.40 1.15
0 . 0 0 1 1.09 2.50 1.31 1.23 1.29 1 . 2 0
Least significant difference: 0.29 (P=0.05); 0.37 (P-0.01). 
Explanatory notes as in Table 14.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Sauares
lAA main effects 5 14.68 2.9360**
GA main effects 5 1.46 0.2920**
Interactions (lAA x GA) 25 0.26 0.0104
Error 36 1 . 0 0 0.0277
Total 71 17.40
** Variance ratio significant at P=0.01
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TABLE 18
The Effects of lAA and GA on the Mean Extension Growth
Im m ) of Avena First Internode Sections 
(Experiment IG 5)
Conc. Concentration lAA (ppm)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1 OmrOOl
0 0.71 1 .54 1 .07 0.72 0.74 0\71
1 0 1 . 0 1 2 . 0 1 1.19 1 .02 1 . 0 1 0 .9 7
1 1 .03 1.91 1.43 0.93 0.90 0 .9 2
0 . 1 1 .03 2.14 1 .32 0 .8 7 0.91 0 .8 2
0.01 1 . 0 2 2.04 1.33 0.76 0 .8 6 1 . 0 1
0.001 1 . 0 0 1..75 1.20 0.84 0 .9 4 0.83
Least significant difference: 0.24 (P=0.05); 0.31 (P=0.01) 
Explanatory notes as in Table 14.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Sauares
lAA main effects 5 9.95 1.9900**
GA main effects 5 0.,73 0.1460**
lAÈeractions. (lAA x GA) 25 0.42 0.0168
Error 36 0.45 0*0125
Total 71 1:1.55
** Variance ratio significant at P=0.01.
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TABLE 19
The Effects of lAA and GA on the Mean Extension Growth
(mm') of Avena First Internode Sections^
(Experiment IG d)
Gone. Concentration. lAA (ppm)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1 0 * 0 0 1
0 0.52 2 . 2 2 1.76 1 .62 1 . 1 0 0.64
1 0 0.72 2.17 2.17 1.91 1.31 0.87
1 0 . 6 8 1.94 1.96 1.78 1 .52 0..72
0..1 0.76 2.06 1 .99 1 .89 1.30 0.73
0 .0 1 K% 0.-67 1.74 1 .95 1.90 1.15 0.82
0.901 0.64 1.75 1.84 1 . 6 8 1.09 0.-77
Least significant difference: 0.34 (P=0.05); 0.45 
Explanatory notes as in Table 14.
Analysis of Variance
*
(P=0.01).
Effects Degrees of Sums of Mean
freedom Sauares Sauares
lAA main effects 5 21.30 4.2600**
GA main effects 5 0.49 0.0980*
Interactions (lAA x GA) 25 0.70 0.0280
Error 36 1 . 1 2 0^0311
Total
** Variance ratio significant
* ft ft ft
71
at P=0.01. 
P=0.05.
23.61
TABLE 20
The Effects of lAA and GA on the Mean Extension Growth
(mmV of Avena First Internode Sections'
(Experiments IG1 - IG6)
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Conc.
GA Tppm)
Çonceptration lAA (ppm)
0 1 0 1 0 . 1 0 . 0 1 0 * 0 0 1
0 0.74 2.07 1.54 1 .23 1.05 0.83
1 0 1.04 2.28 1.65 1.48 1 .29 1 . 1 1
1 1.06 2.17 1 .75 1.41 1.29 1.08
0 . 1 1 . 1 2 2.28 1.71 1.45 1 . 2 0 1.08
OoOl 1.03 2 . 2 1 1 .59 1 .43 1.19 1.03
0 . 0 0 1 0.94 2 . 0 2 1.55 1.33 1 . 1 1 0.97
Least significant difference: 0.11 (P-0.05); 0.15 (P-0.01)
Explanatory notes as in Table 14.
Each value here is the mean of six experiments.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Squares
lAA main effects 5 " 36.40 7.2800**
GA main effects 5 1 .6 6 . 0.3320**
Occasion main effects 5 9.75 1.9500**
Interactions 
(lAA X Oû&asion) 25 6.90 0.2760**
(GA X Occasion) 25 0.46 0’.0184**
(lAA X GA) 25 0.33 0.0132
Error 125 1 * 1 1 0.0088
Total 215 56.61
** Variance ratio significant at P=0 . 0 1
DO
25
2-0
S
1
0-5
(Expt. IG 1 )
C = control.
Explanatory notes as in Table 14.
>>
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Fig. effects nf a_nd GA o n  th p  mo
s e c t i o n s  f - ] \ r l  ■
CExpt» IG 6 ) -
C = control.
Explanatory notes as in Table 1 9 .
i
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I
•Fig•19.. The effects of lAA and GA on the mean
extension growth of Avena first in.ternoda. 
sections (-N)!
(Means of Expt*s. IG 1 - IG 6 )
C = control.
Explanatory notes as in Table 20.
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TABLE 21
The Effects of lAA and GA on_the Mean Extension Growth
(mmV of Avena First Internode Sections-
(Experiment IG 7)
Gone. Concent ration tAA (ppm:)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1
0 . 0.96 2.17 1.62 1.36 0.84
1 0 1 .37 2.56 1.71 1.55 1 .23
1 1.39 2.76 1.83 1 . 6 8 1.19
0 . 1 1 .35 2.61 1.89 1 .69 1.41
0 . 0 1 1.14 2.55 2 . 0 1 1.51 1.25
Least significant difference: 0.25 (P=0.05); 0.34 (P=0.01) 
Explanatort notes as in Table 14.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Sauares
lAA main effects 4 11.91 2.9775**
GA main effects 4 1.03 0.2575**
Interactions (lAA x GA) 16 0.32 0 . 0 2 0 0
Error 25 0.34 0:0136
Total 49 13.$0
** Variance ratio significant at P=0.01.
3-0
LSD \  
(P=005)
2-5
i 20
•o<
0-5
effects of lAA and GA on hhp mean 
f|i|^ . . ^ K f o y r.n or first
(Expt. IG 7 )
( C = control.
Explanatory notes as in Table 81.
alone. Therefore if the hypothesis that GA activity is dependent 
on lAA were correct, there should have been synergism between 
lAA and GA acting together in these (-K) sections, however, 
this was not so, thus the above hypothesis appears to be 
questionable in view of the results here.
Table/ 22. and Fig. 21 show the results of an experiment
conducted using the (+K) sections cut with the coleoptilar node
included to find if there were any synergism between lAA and GA
in these sections. It can be seen that no synergism was obtained
with any of the combinations of lAA and GA used as expected,
since these sections have a high endogenous growth rate and
greater response to GA in the absence of lAA. The effects of
lAA and GA together were at best additive as can be seen in
the combinations of GA with the two lower concentrations of
lAA used, 0.1 and 0.01 mg./r.^ At the two higher concentrations.
of lAA, 10 and 1 mg./l., the presence of lAA significantly
reduced the effects of GA and at the highest,concentration
10 mg./l. the GA effects were compitetely nullified. This is
somewhat similar to the situation obtained by Weijer (1959)
who found that in the presence of 0.1 mg./l..lAA, the
elongating effect of 0.1 mg./l. GA on Impatiens was completely
suppressed. Although he reported that low concentrations of
IAA at 0.01 mg./l. increased the elongating effect of GA, an
examination of his data reveals that the supposed synergism
v;as not really significant at all. The results obtained here.
with the (+N) sections do not necessarily constitute as
evidence against the hypothesis of the necessity of IAA for 
GA action, they do, however, indicate that there is no synergism
1 06
TABLE 22.
The Effects of IAA and GA on the Mean Extension Growth
(mml) of Avena First Internode Sections
(Experiment kiG 1 )
Cone.
GA (ppm)
Concentration IAA (ppm)
0 1 0 1 0..1 0 . 0 1
0 1 .1 2.81 1 .84 1 .37 1.30
1 0 1.99 2 . 6 6 2.13 2.27 2 . 1 0
1 2.28 2.70 2 . 0 2 2.07 2.07
0 . 1 2.26 2.70 2.32 2.05 2.15
Oi. 01 1 . 8 6 2.40 2.45 2 . 1 0 2 . 1 0
Least significant difference: 0.33 (P=0.05); 0.45 (P=0.01).
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first internode section/ (initial length 
= 3.5 mm.) was cut with the coleoptilar node included (+N) 
sections. Control medium is citrie-phosphate buffer plus 2 %  
sucrose (pH=5). Incubation period of 20 hours in the dark at 25^d
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Squares
Mean
Sauares
IAA main effects 4 3.81 0.9525**
GA main effects 4 2,34 0.5850**
Interactions (IAA x GA) 16 1 . 8 8 0.1175**
Error 25 0 . 6 8 0.0272
Total —— 49 8.71
** Variance ratio significant at P=0.01.
3-0
2-5
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2 1 . The eff ec ts lAA and. GA on the mean g x tens ion 
growth of Avena first Internode sections (+N).
(Expt. NIG 1 )
C = control.
Explanatory notes as in Tkble 22.
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between IAA and GA in these sections. One may perhaps suggest 
that the suppression of the GA effects by high concentrations 
of IAA used here may be due to an increase in the level of an 
inhibitor which can inhibit GA action or that GA is unable: 
to overcome the effect of this increased level of an auxin 
inhibitor, assuming that GA is a inhibitor of an inhibitor 
as suggested by the three factor hypothesis.
(3 ) The responses of Avena first internode sections to 
synthetic auxins and GA.
Various workers have observed interactions between
GA and synthetic auxins such as naphthaleneacetic acid (EAA),
and 2,4-dichlorophenoxyacetic acid (2,.4-D) (Brian and Hemming
1958) Kato 1958; Clor, Cufrier and Stocking, 1958). Experiments
were conducted using the (-N) type of Avena first internode
sections to investigate the interactions between GA and the
synthetic auxins, NAA and 2,4-D.
(^) ^  ter act ion ,of GA^ and. HaA on thegrowth of Avena first 
in ter node sections:. (-NT7
The results of three experiments are shown in Table
23 - 25 and the results of one of the individual experiments
are shown in Fig# 22. NAA alone induced significant elongation
of the sections at the following concentrations 10, 1 , O.t,
and 0 . 0 1  mg./l. the optimum concentration was at 1 mg./l.
Variance analysis of the dàfra indicated that interactions were
present. In two of the three experiments (Table 23 and 24),
the nature of the interaction was a synergism between NAA and
GA at certain combinations of the two substances. In Experiment 
NAAG 1 (Fig. 2 2 ) the synergism occurred at the combinations
10 9
TABLE 23
The Effects of IAA and GA on the Mean Extension Growth
(mm) of Avena First Internode Sections
(Experiment NAAG 1)
Gone. Concentration NAA (ppm)
GA (ppm) 0 ) 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 0.55 1.83 2. 14 1.40 0.78 0.63
1 0 0.85 2.14 2.31 1.61 0.98 0.78
1 0.73 2.18 2.49 2 . 0 1 0.90) 0 . 6 8
Ocl 0.97 2 . 1 1 2.77 2.35 0.79 0.73
0 . 0 1 0.75 2.06 2.39 1.94 0.80 0.83
0 . 0 0 1 0.70 2.05 2.38 1.39 0.78 0.72
Least significant difference: 0.25 (P=0.05); 0.36 (P=0.01). 
Explanatory notes as in Table 14.
Analysis of Variance
Effects Decrees of 
freedom
Sums of 
Sauares
Mean
Sauares.
FAA main effects 5 33.36 6.6720**
GA main effects 5 1 . 1 2 0.2240**
Interactions (NAA x GA) 25 1.25 0.0500**
Error 36 0.54 0.0150
Total 71 36.27
** Variance ratio significant at P=0.01.
O o
TABLE
The Effects of TffAA and GA on the Mean Extension Growth
(mm) of Avena First Inter node. Sections.
(Experiment NAAG 30
Cone. Concent ration NAA (ppm)
GA (ppm) 0 1 0 1 0 . 1 0 . 0 1
0 0.47, • 2 . 0 2 3.00 1 . 8 8 0.94
1 0 0.87 2.50 3.66 2 . 2 2 1 . 1 1
1 0.99 2.48 3.80 2.82 1.30
0 . 1 1.06 2.45 3.88 3.43 1.24
0 . 0 1 0.89 2.63 3.46 2.52
,
1 .13
Least significance difference: 0.31 (P=0.05); 0.42 (P=0.01).
Explanatory notes as in Table 14.
1
Analysis of^Variance
Effects legrees of Sums of Mean
NAA main effects- 4 49.17 12.2925**
GA main effects 4 3.21 0.8025**
Interactions (NAA x GA) 16 1.57 0.0981*
Error 25 0.58 0.0232
Total 49 54.53
** Variance ratio significant
*  tt If M
at P=0.01. 
" P=0.05.
m
1 2
2 - 5
C c
a^JêS^ jjMV «Ti ^ ï  ..of  Avena f i r ^ t  irkercode
(feijfco JsAâG 1 )
C = control»
Ërcplanatory notes as in Table 2 .>,
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of 0.1 mg./l. IAA with 1 mg./l. and 0.1 mg./l. GA. At the other 
combinations, the effects of NAA and GA were either additive or 
less than additive. In Experiment NAAG 1, the effects of NAA 
and GA were significantly less than additive at two combinations. 
In the third experiment (NAAG, 3), no synergism between the two 
could be detected. The interactions in this case were a suppress­
ion of the GA effects by NAA, particularly at 0.01 mg./l. NAA • 
(Table 85) where the effects of GA were suppressed at all the 
concentrations used.
(B) Interaction of GA and 2.4-D on the growth of Avena first 
internode sections (-NT.
Three experiments using Avena first internode sections; 
cut at 8 ram. from the coleoptilar node were carried out and 
the results are shown in Table 8 6  —  28 and Fig.. 23 and 84.
8,4-D alone was active at the following cconcentrations. 10,
1, and 0.1 mg./l., the optimum was at 1 rag./I. No synergism 
was observed at any combinations of GA and 8,4-D employed in 
all the experiments. Significant interactions were revealed 
by variance analysis of two of the experiments (Table 8 6  and 
27). In the third experiment, no significant interactions were 
found (Table 8 8  and Fig. 24) , the effects of GA and 8,4-D 
were simply additive or nearly so. The nature of the interactions 
found in the other two experiments wereX a suppression of GA 
effects by the higher concentrations of 8,4-D uaed, 10 and 
1 mg./l. The ^combinations at the lower levels of 8,4-D used 
gave additive responses.
The results obtained here with the synthetic auxins and 
GA are partly in agreement with the results of Brian and Hemming
//^
TABLE
The Effects of NAA and GA on the Mean Extension Growth
Tmm) of Avena First Internode Sections
(Experiment NAAG S)
Cone. Concentration IjÉLA (ppm)
GA (ppm) 0 1 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 0.69 1.43 1.59 1.56 1 .30; 0.63
1 0 0 . 8 6 1 .40 1.83 1.80 1.14 0.71
1 0.83 1 .41 1 .73 1.78 0.98 0.94
0 . 1 1 .07 1 .45 1.83 8.03 1 . 1 1 0.90
0 . 0 1 0.98 1.53 1.98 1 . 8 8 1.09 0.98
0 . 0 0 1 0.78 1.30 1.56 1.78 0.83 0.75
Least significant difference: 0.80 (P=0.05); 0.88 (P=0.01). 
Explanatory notes as in Table 14.
Analysis of Variance
Effects Degrees of 
freedom
Sums of Mean 
Squares Sauares
NAA main effects 5 11.38 8.8640**
GA main effects 5 0.59 0.1180**
Interactions (NAA xGA) 85 0.60 0.0840*
Error 36 0.37 0.0108
Total 71 18.88
** Variance ratio significant at P=0.01.
*  ff M  tt Hi p=0*05.
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TABLE 26
The Effects of 2.4-D and GA on the Mean Extension Growth
(mm) of Avena First Internode Sections
(Experiment 2 ,4-DG 1)
Gone. Concentration 2,4-0 (ppm)
GA (ppm)
0 1 0 1 0 . 1 0 . 0 1
0 0.94 1 . 8 6 2.30 2.08 1.13
1 0 1 . 1 2 1.60 2.34 2.47 1 .23
1 1.15) 1.78 2 . 0 2 2.25 1.33)
0 . 1 0.90 1.51 2.18 2.28 1.31
0 . 0 1 1 . 0 1 1 .79 2.34 2.19 1.27
Least significant difference: 0.26 (P=0.05); 0.35 (P?0.u01 ) 
Explanatory notes as in Table 14.
Analysis of Variance
EtCeç.,ts Degrees of 
freedom
Sums of 
Squares'
Mean
Sauares
&
2,4-D main effects 4 12.5354 3.1338**
GA main effects 4 0.0872 0.0218-
Interactions (2,4-D x GA) 16 0.5448 0.0340*
Error 25 0.3880 0.0155
Total 49 13.5554
♦* Variance ratio significant at P=0.01.
*  »!/ fi ff I!  p=0.05.
ffl6
liiBLE 27
The Effects of 2.4-D and GA on the Mean Extension Growth
~ (mm) of Avena First Internode Sections
(Experiment 2 ,4-DG 2)
Gone. Concentration 2,4-D (ppm)
GA (ppm) 0 1 0 1 0 . 1 0 . 0 1
0
Û 2 2 2.13 2.26, 2 .2 0 : 1.59
1 0 1.42 2.18 2.38 2.-24 1 .61
1 1.50 2.28 2 . 1 1 2.36: 2 . 0 1
Oil 1.63 1.90 1 .95 2.44 2.34
0 . 0 1 1.72 1.63 2.47 2.35 2.47
Least significant difference; 0.43 
Explanatory notes as in Table 14.
Analysis
(P=0.05); 0.48
of Variance
(P=0.01).
Effects Degrees
freedom
of Sums of 
Squares
Mean
Sauares.
2,4-D main effects 4 3.9321 0.9830**
GA main effects 4 0.2242 0.0560
Interactions (2 ,4-D X GA) 16 1.8904 0.1181*
Error 25 1.1035 0.0441
Total 49 7.1502
** Variance ratio significant at P=0.01. 
* " " " " p=0.05.
îE 20<
o I5<
£he_Effects of 2.4-D and GA on the m man 
iwth of A
Si
extension growt vena first ïnternode 
eti,ons (-1æ e
(Expt. 2,4-DG 2 )
C = control.
Explanatory notes as in Table 27.
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TABLE 28
The Effects of 2.4-D and GA on the Mean Extension Growth
(mm) of Avena First Internode Sections
(Experiment 2,4-DG 5)
Cone. Concentration 2,4-D (ppm)
GA (ppm) 1 0 1 0.4 0 . 0 1
0 0.70 2.28 3.51 3.22 0..97
1 0 1 . 2 1 2.51 3.86 3.86 1.57
1 Î.30; 2.38' 3.76 3.64 1..40)
0.4 1.25 2.57, 3.96 3.05 1.51
0 .0 1 ; 1.11 1 3.01 3.91 3.74 1.59
Least significant difference; 0>-47 (P=0.05); 0.63 (P=0.01 ). 
Explanatory notes as in Table.14.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Sauares
2,4-D main effects 4 60.7440 15.1860**
GA main effects 4 2.1790 0.5447**
Interactions (2,4-D x GA) 16 0.7063 0.0441
Error 25 1.5496 0.0619
** Variance ratio significant at P=0.01.
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Fig. 24. The effects of 2 ,4-D 'and GA on the mean
extension growth of.Avena first internode 
sections *
"(Expt.2,4-DG 3)
C = control.
Explanatory notes as in Table 28.
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(1958) using pea sections in that synergism was detected between 
NAA and GA. The results obtained with 2,4-D and GA are not in 
keeping with those of Brian Hemming (1958) who found synergism 
between 2,4-D and GA in pea epicotyl sections. Kato (1957) 
on the other hand, using etiolated pea epicotyl sections did 
dot,find any synergism between NAA and GA.
(4) The respons.es of Avena first internode sections to anti- 
auxins and G&.
Few studies of the interactions between GA and anti­
auxins have been reported (Brian and Hemming, 1957; Applegate 
1957; Purves and Hillman 1959; Kiermayer, 1960). The results 
of earlier experiments described above indicated that the 
auxin level is not limiting in the (+N) Avena first internode 
sections which have a high endogenous growth rate and that 
the stimulatory effects of GA on such (+N) sections may be 
due to an auxin-mediated mechanism. If this were so, then by 
applying auxin antagonists which may limit the auxin level 
or the auxin action in such sections, the GA responses w iir  be 
affected as well. The following substances -(1-naÿhthylmethyl- 
sulphide propionic acid (NMSP), <-(p-chlorophenoxy)-isobutyric 
acid (PCIB), and 2,4,6-îrichlorophenoxyacetic acid (2,4,6-T) 
are claimed to be competitive auxin antagonists or anti-auxins 
in various growth systems (Aberg, 1950; Burstrôm 1950, 1951; 
McRae and Bonner, 1952, 1953).
The following experiments were undertaken to investigate
the interactions of GA and the above three anti-auxins on the 
growth of the (*N) sections. Experiments were also carried out
11? 1
1
using IAA and the three anti-auxins.
(A) Interactions of IAA and NMSP on the growth of Avena first 
4" internode sections C+N).
The results are given in Table 29 and 29A^ and Fig.25.
It can be seen that NI-^ SP alone has little effect on
the elongation of the sections at 10, 1, and 0.1 mg./l. At
2 0  mg./l. it significantly inhibited the growth of the sections.
At the much higher concentrations (50 and 100) mg./l.) NMSP
alone was highly toxic and inhibited the growth completely.
At 1 and 0.1 mg./l. NMSP had no effect on the IAA-induced
growth of the sections at any of the concentrations of IAA
used... At 20 and 10 mg./l. NMSP significantly reduced the growth
of the sections due to the two higher concentrations of IAA
useEL (100) and 10 mg./l.). At the two highest concentrations
of NMSP (100 and 50 mg./l.) growth due to IAA was completely
abolished.
(B)Interactions of GA and NMSP on the growth of Avena first 
internode sections (+N).
It is quite clear that at the low concentrations of
(10, 0.1, 0.01 and 0.001 mg./l. ) NMSP generally have no effect
on the GA response of the sections (Table 30, 31, 32, 3 3 , Fig.
26). In two of the experiments (Table 32, 3 3 ) the low
concentrations of NMSP (1 , 0.1, 0.01, 0.001 mg./l.), while
having no effect alone, did increase the growth of the sections
in the presence of GA (1 mg./l. in one case, 0.1 mg./l. in
another) over that due to GA alone. The high concentrations
of NMSP (100) and 50àg./l.) were obviously toxic in either the
presence or the absence of GA, (Table 34, 35. Fig. 27). N^iSP
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TABLE 29
The Effects of NMSP and IAA on the Mean Extension Growth (mm)
of Avena First Internode Sections (+N1
(Experiment NMSPI 1;
Cone.
NMSP(ppm)
Concentration IAA (ppm)
0 1 0 0 1 0 1
0 1 . 2 1  — 1.56 2.38 1 . 8 6
50 0.08 0.18 0.^08 0.19
2 0 0.-57 1.18 1 . 1 0 1 .48
1 0 1.07 1.63 1.67 1.72
1 1.19 1.67 2.06 2.09
0..1
■
1.19 1.46 2.16 1.79
Least significant difference: 0.33 (P=0.05); 0.45 (P-0.01).
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first internode section (initial length 
= 3.5 mm.) was cut with the coleoptilar node included (*N) 
sections. Control medium was citrie-phosphate buffer plus 2 %  
sucrose (pH=5). Incubation period of 20 hours in the dark at 25^0.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Sauares
IAA main effects. 3 •3.53 1 . 1766;**
NMSP main effects 5 15.85 3.1700**
Interactions ( IAA x NMSP) 15 1.16 0.0773*
Error 24 0.63 0.0262
Total 47 21.17
** Variance ratio significant at P=0.01.
* M M " »» p=0.05.
1^3
The
TABLE 29A
F.ffftnhs of HMSP and IAA on the Mean Extension Growth (mm)
of Avena First Internode Sections (+N 
(Experiment E14SPI 2)
I
Cone. Concentration IAA (nnm)
NMSP (Dum) 0 1 0 0 1 0 1 0 . 1 0 . 0 1
0 1.14 1.93 2.29 1.84 1 .53 1.28
100) -0 . 2 1 -0.15 -0 . 1 0 -0.05 - 0 . 1 3 -0 . 1 0
50 -0.18 -0.05 -0 . 0 1 0.03 0.04 - 0 . 0 4
20 0.51 0.39 0.90 1.-17 1 . 1 2 0.r77
1 0 0.91 1.43 1 .85 1.57 1 .59 1.28
1 ■ 1.06 1.91 2.13 1.95 1.59 1.23
Explanatory notes as in Table 29.
Analysis of Variance
Effects Degreesrof
freedom
Sums of 
Squares
Mean
Squares
IAA main effects 5 3.28 0.6560**
NMSP main effects 5 40.54 8 . 1 0 8 0 * *
Interactions (IAA x NMSP) 25 2.59 0 . 1 0 3 6 * *
Error 36 0 .3 8 0.0105
Total
** Variance ratio significant
71
at P=0.01.
46.41
Î24
(Expt. NMSPI 2 )
C = control.
Explanatory notes as in Table 29A.
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TABLE 50
The Effects of MMSP and GA on the Mean Extension Growth (nm) 
of Avena First Internode Sections (+N)
CjExperiment NMSPG 1 )
Cone.
KMSP (ppm)
Concentration GA (ppm)
0 1 0 1 0 . 1 o.,oi 0 . 0 0 1
0 1.30 2.13 2.48 2.33 2.25 1.58
1 0 1 .2 G 2.13 2.04 2.33 1.90 1.44
1 1.24 2.49 2.57 2 . 2 2 2 . 2 1 1.71
O . A 1 .47 2.69 2.65 2.38 2.27 1.71
0 . 0 1 1.17 2.31 2.25
............. . ,
2.34 2.06 1.58
Least significant difference: 0.36 (P=0.05); 0.49 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Desirees of 
freedom
Sums of 
Squares
Mean
Squares
GA main effects 5 10.72 2.1440**
NMSP main effects 4 0.82 0.-2050**
Interactions (GA x NMSP) 2 0 0.58 0.0290
Error 30 $ * 0 0 0.0333
Total 59 13.12
** Variance ratio significant at P=0i.01
12F
TABLE 31
The Effects of NMSP and GA on the Mean Extension Growth (mml
of Avena First~ Internode Sections (+I'IT T
(Exneriment NHSPG 2)
Çpnc. Concentration GA (npm)
NMSp (ppm) 0 :1) 0 . 1 OwOl 0 . 0 0 1
0 1.03 U 8 5 1 . 8 6 1.92 1.64
1 1.4,9 2.08 1 .78 1.80) 1.48
0 . 1 1.23 1.94 1.85 2.09 1.58
0 . 0 1 1 .1 0 - 2.08 1.99 1.92 1.53
O'.OOt 1.14 2.03 2 . 0 0 1.95 1.49
Least significant difference: 0.24 (P=0.05); 0.33 (P=0#^01 ). 
Explanatory notes as in Table 29.
Analysis of Variance-
Bffec.ts- Decrees of 
freedom
Sums of 
Sauares
Mean
Sauares
GA main effects 4 5.21 1.3025**
NMSP main effects 4 0.05 0.0125
Interactions (GA xNMSP) 16 0.28 0.0175
Error 25 0;29 0.0116
Total 49 5.83
*♦ Variance ratio sighificant at P=0.01.
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TABLE 32
The Effects of NMSP and GA on the Mean Extension Growth (imJ
of Avena First Internode Sections (+N)
(Experiment NMSPG 3)
Cone. Concentration GA (ppm)
NMSP (ppm) 0 1 0 V 1 0 . 0 1 0 . 0 0 1
0 1.31 1.85 2 . 0 0 2.17 1.67
1 1.08 1.93 1.75 1 .58 1.44
0 . 1 1.09 1.87 1.81 1.72 1.37
0 . 0 1 1.14 2 . 2 2 2.03 1.87 1.27
0 . 0 0 1 1.27 2 . 0 0 1.76 2.04 1.54
Least significant difference: 0.24 (P=0.05); 0.32 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Decrees of 
freedom
Sums of 
Sauares
Mean
Sauares
GA main effects 4 4.69 1.1721**
NMSP main effects 4 0).51 0.4275**
Interactions (NMSP x GA) 16 0.71 0.0443**
Error 25 0&34 0.0136
Total 49 6e25
** Variance ratio significant; at
1 2 8
TABLE 55
The üiffenhs of NMSP and GA on the Mean Extension Growth (mal
nf Avena First Internode Sections (+II1
(Experiment NI^ ISPG 4;
Cone. Cppcentration GA (ppm)
NMSP (upm) 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 1 .06 1.73 1 .42 1.65 1.28
1 0.85 1.42 1.50:' 1.42 1.28
0 . 1 1 .03 1.51 1.69 1.64 1.15
0 . 0 1 1.04 1 . 6 6 1.65 1.82 1 . 1 1
0 . 0 0 1 1.06 1 . 8 6 1 .63 1 . 6 8 1.19
Least significant difference: 0.11 (P=0.05); 0.15 (P-0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
B££.Q.Q.kS. Degrees of 
freedom
Sums of Mean 
Squares Sauares
GA main effects 
NMSP main effects 
Interactions' (GA x NMSP) 
Error
4
4
16
25
3.1178
0.1877
0.3664
0.0797
0.7794**
0.0469**
0.0229**
0.0031
Total 49 3.7516
** Variance ratio significant at P=0.01.
r i  m
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Fig. 26. Th
ernode
(Expt. NM8PG 1 ) 
C = control.
Explanatory notes as In Table 30.
TABLE 34
The Effects: of MISP and GA on the Mean Extension Growth .(mml
of Avena First Internode Sections (+1:0
CBxperiment M S P G  5)
Cone. Concen tration GA (npm)
NMSp (nprn) 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 1.13 1.64 1.76 1.64 1.35
1 0 0 ' -0 . 1 1 -0.06 -0 . 1 2 — 0 . 1 0 — 0 . 1 2
SO 0.51 0.77 1 . 0 2 0^80 0.89
15 0.50 0.77 1 . 0 2 0.80 0.89
1 0 0.84 0.71 1.07 0.81 0.85
1 1.16 1.54 1 . 6 8 1.40 1.41
Least significant difference: 0.22 (P=0.05); 0.30 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects De^^rees of 
freedom
Sums of 
Squares
Mean
Squares,
GA main effects 4 0.7996 0.r1999**
NMSP main effects 5 18.1625 3.6325**
Interactions (GA x NMSP) 2 0 0.6995 0.0349**
Error 30 0.3510 0.0117
Total 59 20.0126,
** Variance ratio at P=0.01.
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TABLE 35
The Effects of NMSP and GA on the MBan Extension Growth (mm)
of Avena First Internode Sections (+1!)
(Experiment NMSPG ôY
Gone. ConcentratiorL GA (npm)
NMSP (vpm) 0 1 0 . 1 0 . 0 1 0 . 0 0 1
0 1.43 1 . 8 6 1.90 1.69 1.43
50 -0 . 0 1 0 . 0 1 0 . 0 2 0 . 0 0 0 . 0 0
2 0 0.38 0.37 0.84 0.72 0.42
1 0 0 . 8 8 1.18 1.35 1.49 0.93
1 1 . 2 0 1.78 1 .80 1.80 1 .60
Least significant difference: 0.21 (P=0.05); 0.28 (P=0.01). 
Explanatory notes as in Table 29^
Analysis of Variance
Degrees ofi 
freedom
GA main effects 
NMSP main effects 
Interactions (GA x NMSP) 
Error
4
4
16
25
%9Total
♦* Variance ratio significant at P=0.01.
Sums of 
Sauares
2 1 .2 0
20.63
0.67
0.25
22.77
Mean
Sauares
0.3000**
5.1575**
0.0418**
0 .0 1 0 0
M 3 2
Pig- 27. The Effects of KMSP and GA on the mean extension 
growth of Avena first internode sections ('+NT%
(Expt.. NMSPG 5) . 
C = control.
Explanatory notes as in Table34.
* 3 3
at 2 0  mg./I. alone inhibited the growth of the sections and 
also reduced the GA responses of the sections at all the 
stimulatory concentrations of GA (Table 34', 35.^). E148P at 
15 mg./I. (Table 34) significantly reduced the GA response of 
the sections at only one of the stimulatory concentrations of 
GA ( 1 mg./I.). In the same experiment, however, NMSP at 
10 mg./I. (Fig. 27) did significantly reduced the growth due 
to GA at all the stimulatory concentrations of GA used.
It appears from the present data that Nl-lSP at the 
concentrations which reduced lAA induced growth of the sections 
(10, 20 mg./I.) also reduced the GA response of the sections.
This would suggest an auxin-mediated mechanism for GA action. 
There is also the possibility that KMSP at these concentrations 
may have an "anti-gibberellin^^ effect. The syneggism between 
low concentrations of NMSP and GA is rather unexpected. These 
low concentrations of NMSP have no significant effects on the 
growth of the sections alone, although the magnitude of growth 
was always slightly less: than that of the control. As Nl^SP 
at these low concentrations d o ^  not affect lAA induced growth 
of the sections, the results are not opposed to an auxin-mediated 
mechanism of GA action. This is no obvious explanation for this 
synergism between low concentrations of NMSP and GA. It is 
possible that NMSP may have a number of different and separate 
actions on plant cells depending on the concentrations used.
The low concentrations of NMSP may act on the plant cells in 
such a way as to be favourable for GA to exerts mts action.
1 3 4
(C) Interactions of lAA and PCIB on the growth of Avena first 
internod,e sections (+l\).
The results (Table 36,37, 38. Fig. 28) show that PC IB 
at 100 mg./I. was highly toxic to the sections. At concentrations 
above 25 mg./I. PCIB alone inhibited growth of the sections 
B^ignificantly. At 20 mg./I. and concentrations below it, PCIB 
4 ^0 ne has no significant stimulatory effects (Table 37, lOmg./l; 
Table 38, 10, 5 mg./l.:|*. However, all concentrations of PCIB 
used did significantly reduced the growth of the sections in 
the presence of lAA. The higher concentrations (100, 50, 25,
20 mg./I.) did so at all levels of lAA used. At the lower 
concentrations (10, 1, 0.1 mg./I.) PCIB, in some cases, did 
not significantly affect the IAA-induced growth at the lower 
concentrations of ÏAA, it did however, significantly reduced 
the IAA-induced growth at the higher concentrations of lAA used.
(D) Interactions of GA and PCIB on the growth of Avena first 
internode sections (+N).
It can be seen from the dàfea (Table 39, 40). Fig. 29) 
that PCIB. at all concentrations used ( 50, 25, 20, 10, 5 mg./I. 
and 1, 0.1 mg./I.) significantly reduced the GA response of 
the sections in the whole range of stimulatory concentrations 
of GA employed. The inhibition being more pronounced at the 
higher concentrations of PCIB used (50, 25, 20 mg./I.).
The results here do not agree with those of Purves and Hillman
(1959) who found that PCIB; at 10“% .  did not affect the GA 
response of dark grown pea internode sections.
These results are in accord with the hypothesis, of an 
auxin-mediated mechanism of GA action.
Î35
TABLE 36
The Effects of PCIB and lAA on the Mean Extepsiop Growta
(mm) nf Âvena First Internode Sections l+N)
(Experiment PI 1)
Copç. Concerntration lAA (ppm)
PCIB (DDm) 0 1 0 0 1 0 1
0 0.81 1 ..94 2 . 0 0 1.67
1 0 0 -0 . 0 2 0.26 0.25 0.24
50 0.34 0.58 0.79 0 . 6 8
2 0 0.87 1.17 1.75 1 .71
1 0 0.89 1.58 1.95 2 . 0 1
1 0..93 1 .73 2.-17 1.81
Least significant difference: 0.21 (P=0.05); 0.28 (P=0.01) 
Explanatory notes as in Table 29..
Analysis of Variance
Effects Decrees of 
freedom
Sums of 
Sauares
Mean
Sauares
lAA main effects 3 5^5152 1.8717**
PCIB main effects 5 15.2605 3.0521**
Interactions (lAA x PCIB) 15 1.7277 0.1151**
Error 24 0.2723 0.0113
Total 47 22.8757
** Variance ratio significant at P=0.01.
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TABLE 57
The Effects of PCIB and lAA or) the Mean Extension Grqw^i (
(mm) of Avena First Internode Sections
(Experiment PI 2)
Cone. Concentration Î&AA (t3pm)
PCIB (nnm) 0 1 0 0 1 0 1 0 . 1
0 0.-90 1.23 1 .69 1.26 1.27
50 0.57 0.53 0.41 0.62 0.48
2 0 0.92 0.96 1 . 2 1 1.29 1 . 1 1
1 0 1 .-2 2 . U 11 1.34 1.17 1.23
1 1 .1,2 1.39 1.44 1 .42 1.-14
Oo.T 1 . 1 1 1.28 1.45 1.33. 1.41
Least significant difference; 0.26 (P=0.05); 0.^5 (P-0.01). 
Explanatory notes as in Table 29..
Analysis of Variance
Effects Degrees of
freedom
Sums of 
Sauares.
Mean
Squares.
lAA main effects 4 1.0365 0.2591**
PCIB main effects 5 4.3841 0.B768**
Interactions (lAA x PCIB) 2 0 1.8390 0.0919**
Error 30 0.4705 0.0156
Total 59 7.7301
** Variance ratio significant at P=0.01
137
TABLE 58
The Effects of PCIB and lAA on the Mean Extension Growth
(mm) of Avena First Internode Sections^C+M)
(Ezneriment PI 3;
Cone. Concentration lAA (PP:1)
PCIB (nnm)
0 1 0 1 0 . 1
0 0.96 2.29 2.27 1 . 8 6
50' 0.63 0.41 0.63 0.67
25 0.89 1.07 1.32 1.44
1 0 T.. 43 2 . 0 0 0 2.19 2.19
5 1.47 2.37 2.44 2.05
Least significant difference: 0V26 (P=0.05); 0.35(P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Degrees of 
fxaedoai,.-,
Sums of Mean
lAA main effects 3 2.9018 0.9672**
PCIB main effects 4 12.7450 ■ 3.1862**
Interactions ( lAA x PCIB) 1 2 1.8976 0.1581**
Error 2 0 0.3040 0.0152
Total 39 17.7450
** Variance ratio significant at P=0.01.
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Fig. 28. The effects of PCIB and lAjl on, t{;ie mea^
extension growth of Avena first internode, 
nn.q ( +N)T ^
(Expt. PI 1).
C = control.
Explanatory notes as in Table 36
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TABLE 39
The Effects of PCIB and GA on the Mean Extension Growth (mm)
of Avena First Internode SectioBS (tK)
(Experiment PG1.1J i
Cone. Concentration GA (npm)
pCIB, (ppm) 0 1 0 1 0 . 1 0 . 0 1
0 1.23 2.51 2.67 2.67 2.56
2 0 1.43 2 . 0 1 1.81 1.90 1.99
1 0 1.43 2.03 2.13 2 . 2 0 2 . 2 2
5 1.31 2 . 1 2 2 . 2 1 2.14 2.03
1 1.26 2.25 2.39 2.42 2.25
0 . 1 1.33 2.42 2.38 2.43 2.30
Least significant difference: 0.25 (P=0.05); 0.34 (P=0.01) 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Sauares
Mean
Squares
GA main effects 
PCIB main effects 
Interactions ( GA x PCIB) 
Error
4
5 
20 
30
8.1317 
1,4941 
0.9270 
0V4611
2.0329**
0.2988**
0.0463**
0.0153
Total 59 11.0139
** Variance ratio significant at P=0.01
nTABLE 40;
The Effects of PCIN and GA on the Mean Extension Growth (mm)
of Avena First Internode Sections (+Ny
(Experiment PG. 2)
Cone.
PCIB(nnm)
Concentration GA (npm)
0 1 0 1 0 * 1
O' 0.96 1 .=96, 1.97 2 . - 0 2
50 0.69 0.93 0.60 1e47
25 0.89 1 . 2 1 1.T7 1.41
1 0 ) U 4 3 1.76 U S B 1.81
5 1.47 1.87 1 .83 1.58
Least significant differences 0o21 (P=0#^05); 0.37 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Degrees of Sums of Mean
freedom Sauares Sauares
GA main effects 3 1.4815 0.4938**
PCIB main effects 4 6.4428 1.6107**
Interactions (GA x PCIB) 1 2 : 0.9867 0.0822**
Error 2 0 0.3490 0.0174
Total 39 3.2600
** Variance ratio significant at P=0.01
LSD
P = 0-05)
E
E
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(Expt. PG 1 )
C = control.
Explanatory notes as in Table 39.
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(K) Interactions of lAA and 2.4.6-T on the growth of AvemalflrÈt 
internode sections i+N).
2,4,6-T alone at 50 mg./I. was highly toxic to the 
sections (Table 41, Fig. 30). At 20, 25 mg./l.^ it inhibited 
the growth of the sections by more than 50^. At the lower 
concentrations (10,5,1,0.1 mg./I.) it had little effect on the 
growth ofthe sections by itself.. At all the concentrations 
of 2,4,6-T used, it significantly reduced the growth of the 
sections due to lAA, (Table 41, 42, 43. Fig. 30).
(F) Interactions of OA yad 2.4.6-T on the growth of Avena first 
internode sections l+N).
The results show that 2,4,6-T at the higher concentration 
(25, 10 mg./I.) significantly reduced the GA response of the 
sections at all concentrations of GA used, (Table 44, 45, 46).
At the lower concentrations (1, 0#1, 0.01 mg./I.) 2,4,6-T 
did significantly reduced the GA response of the sections also, 
but not at all the concentrations of GA tested. In one experiment, 
(Fig. 31, Table 44) 2,4,6-T at 0.1 mg./I. had no effect on the 
GA response of the sections (Table 45). On the whole, however, 
it is clear that 2,4,6-T at the concentrations which significantly 
affect IAA-induced growth of the sections can also affect the '
GA response of the sections in the same way. These results
suggest a possible relationship between GA and lAA actions.
The data obatined here with anti-auxins lend support 
to the view that GA action may invol%ye an auxin-mediated 
mechanism. However, there is. always the danger in assuming
that these anti-auxins inhibit only auxin activity. Indeed,
'1'43 ■
these anti-auxins may have an "anti-gibberellin" effect. Bnian 
and Hemming (1957b.) have suggested that maleic hydrazide may 
be an inhibitor of gibberellin action. Studies of interactions of 
these anti-auxins and GA in other plant tissues which are more 
specific in their response to GA may be useful.
1 44
TABLE 41
T?ha Effects of 2.4.6-T and lAA on the Mean Extension Growth
- (mml nf Avena First Internode Sections (+Kj
(Experiment TI 1)
Cone. Concentration lAA (ppm)
2.4,6-T(Dnm) 0 1 0 0 1 0 ) 1
0 0.90 1.95 2 . 2 1 1.75
50' — 0 .11 -0 . 0 2 -0.15) -0 . 0 1
2 0 ) 0.32 0.50) 0.87 0 . 6 6
1 0) 1 .0 0 ) 1.52: 1.34 1.81
1 0\94. 1.82, 1.90) 1.54
0 . 1
- -
0.94 1 .76 1.85 1 .54
Least significant difference: 0*18 (P=0.05);: 0.27 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Decrees of Sums of Mean
freedom Sauares Sauares
lAA main effects 3 3.2880 1.0960**
2,4,6-T main effects 5 19.8426 3.9685**
Interactions (lAA x 2,4,6-T) 15 1.7777 0.1185**
Error 24 0.1881 0.0078
Total 47 25.0964
** Variance ratio significant at P=0.01.
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O
\C"
Fig. 30. X h ^ ? / :
(Expt. TI 1)
0  =  control. 
Explanatory notes as in Table 41.
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TABLE 42
The Effects of 2.4.6-T and lAA on the Mean Extension Growth
(mm) of Avena First Internode Sections (+K)
CÉxperiment TI 2)
Cone. Concentration lAA (ppm)
2,4,6-T(püm) 0 10 1 0.1
0 0.76 2.91 2.35 1.70
25 0.12 0.33 0.33 0.22
10) 0.86 1.41 1.34 1.25
5 1.30 2.14 2.16 1.97
1
. U u c
0.95 2.58 2.26 1 .96
Least significant difference: 0.27 (P=0.05); 0.37 (P=O.OT). 
Explanatory notes as on Table 29.
Analysis of Variance
Eff ects> Decrees
freedom
of Sums of 
Sauares-
Mean
Sauares
lAA main effects 3 6.6532 2.2177**
2,4,6-T main effects 4 17.1718 4.2929**
Interactions (lAA x 2,4,6-T) 12! 2.8451 0.2370
Error 20) 0.3354 0.0167
Total
** Variance ratio significant at
39; 
P=0.01.
27.0055
M y
TABLE 43
The Effects of 2*4.6-T and lAA on the Mean Extension Growth
of Avena First Internode Sections (+N)
(Experiment TI 3)
Cone. Concentration lAA (ppm)
2.4.6-T(DDm) 0 100 10 1 0.1
O' 0.91 1.65 2.16 1.60 1.39
20 0.45 0\64 0.69 0.55 0.67
10 1.01 1 .29 1.40' 1.23 1.31
1 1.04 1.62 1.86 1.68 1.63
Least significant difference: 0.13 (P=0.05); 0.18 (P=0.01) 
Exp1anatort notes as in Table 29.
Analysis of Variance
Effects. Degrees of
fxaadom
Sums of 
Sauares
Mean
Sauares
lAA main effects 4 T.9106 0.4776**
2,4,6-T main effects 3 6.0917 2.0305**
Interactions (lAA x 2,4,6-T.) 12; 0.7530 0.0627**
Error
r n ^ 4 -
20 010833 0.0041
** Variance ratio significant at P=O.Ot.
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T A B L E D
The Effects of 2.4.6-T and GA on the Mean Extension Growth
Jmm) nf Avena First Internode. Sections
(Experiment TG 1 ;
Cone. Concentration GA (ppm)
2.4.6-T (nom) 0 1 0.1 0.01
0 0.76 1.67 1.62 1 .55
25 0.12 0.16 0.16 0.31
10 0.86 1.13 1 .25 1.28
1 1.30 1.77 1.69 1.63
0.1 0.95 1.68 1.44 1.33
Least significant difference: 0#28 (P=0.05); 0.38 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects’ Degrees of 
freedom
Sums of 
Squares
Mean
Squares
GA main effects. 3'^ 1.5217 0^5072**
2,4,6-T main effects 4 9.87,76 2.4694**
Interactions ( GA x 2,4,6-T) 12 0.6558 0.0546*
Error 20 O 0 . 2 3 5 9 0.0179
Total 39 12.2910
♦♦Variance ratio significant
* ri; n fi; at P—0.01. " P=0.05.
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TABLE 45
The Effects of and GA on the Mean__Extension GrowJ^h
(mm) of Avena First Internode Sections (+N1
(Experiment TG 2)
Gone. Concentration1 GA (onm)
2,4,6-T (ppm) 0 10 1 0.1 0.01
0 1.10' 1.94 1.87 1..76 1.84
10 0.86 1.32 ;t^ 4Q) 1.21 1.25
1 1.42. 2^13 2.05 1.90 1.90
0.1 1.23 2.07, 1.97 1.94 1 .88
0.01 1.36 1.88 1.99 1.95 1.95
Least significant difference: 0.28 (P=0.05); 0*39 (P=0*01). 
Explanatory notes as in Table 29*
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Squares
Mean
Sauares
GA main effects 4 3.1222 0.7805**
2,4,6-T main effects 4 3.0366, 0.7591**
Interactions (GA x 2,4,6-T) 16 0.2050 0.0128
Error 25 0.4948 0.0197
Total 49 6.8586
♦♦Variance ratio significant at P=0#.01.
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table; 46
The Effects of 2.4.6-T and GA on the Mean Extension Growth
(nua) of Avena First Internode Sections (+K)
(Experiment TG 3)
Cone. Concentration GA (ppm)
2 /4 ,6 -T (ünm) 0 1 0.1 0.01
0 1.37. 2.56 2.49 2.32
10 1.70 1.18 1 .18 1.18
1 1.50 2.76 2.29 2.56
0.1 1.62 2.28 2.49 2.51
0.01 1.70: 2.36 2.39 2.43'
Least significant difference* 0.33 (P=0.05); 0.-45 (P=0.01). 
Explanatory notes as in Table 29.
Analysis of Variance
Effects Degrees of 
freedom
Sums of 
Squares
Mean
Squares
GA main effects 3 3.3091 1.1030**
2,4.6-1 main effects 4 5.9799 1.4949**
Interactions (GA x 2,4,6-T) 12 3.2177/ 0.2681**
Error 20 0.3.133 0.0255-
Total 39 1:3.0180
♦♦Variance ratio significant at P=O.OT.
itsî
i2
2
I
O
^1" The_effects of 2,4,6-T and GA on the mean 
l e ^ - L l o n s ^ Aveha'first intirïïSdïï
(Expt. TG 1) ___
C = control.
Explanatory notes as in Table 44.
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CHAPTER IV 
RESULTS
The Influence of Red and Far red Light on the Responses 
of Avena First Internode Sections to lAA and GA
As it has been mentioned in the Introduction in 
Chapter I, a considerable amount of work has been done on the 
possible relationship between the light effects on elongation 
and growth substances, comparatively little has been done with 
excised sections of Avena first internode# Apart from those 
of Schneider (1941) and of Nitsch and Kitsch (1956), virtually 
no other work using the Avena first internode sections in 
red-far red light reaction studies has been reported. This 
is particularly so in the case of the relationship between 
GA and the red-far red system where most of the work was done 
with either intact pea plants or with excised pea internode 
sections (Hillman, 1957, 1959; Lockhart, 1957a, 1957b;
Lockhart and Gottsctiall, 1958; Vlitos and Meudt, 1957b; 
Bertsch, 1958).
The experiments to be reported below were carried out 
to investigate the effects of red and far red light treatments 
given prior to sectioning on the responses ôf such sections, 
(Avena first internode) to lAA and GA.
It may be mentioned that although inhibition of 
Avena first internode by red light is known, it is unknown 
whether this inhibition is reversed by far red light.
15,3 ,
(1:) The I n f l u e r c e  of Red Light Pre treatment prior tç> sectlonjjig 
on the subsequent growth of Avena First Internode Sections^ 
(~N)7 in the presence of lAA and_GA
For these experiments, the Avena seedlings were 
grown in the manner described in Chapter II for 3 days: in 
the dark, then just prior to sectioning the first internodes, 
the seedlings in the glass, bricks were placed directly under 
the red light, source as described in Chapter II and the plants 
were at a distance of 60 cm. from the red fluorescent tubes.
They were left under the red light for a period of 30 minutes 
and were then sectioned immediately afterwards. Sections were 
also cut from plants grown in the dark with no red light:at all. 
The SBctions (3.5 mm.,initial length) were cut at 2 mm. from 
the coleoptilar node, i.e. (-N) sections. After cutting, the 
sections were put into the test solutions and left:to grow 
for a pe±iod of 20 hours in the dark at 25^0. on the shaking 
machine.
Table 47. shows the results of five experiments. It 
can be seen that in most of the experiments, the red light, 
pretreatment given did not inhibit the endogenous growth 
of the sections significantly, although on the whole, the 
red light pretreated sections grew slightly less than those 
of the dark controls, and in only one experiment, R2, did 
the inhibition by red light pretreatment reached the 5^ level 
significance. Red light pretreatment however did reduce 
significantly the sensistivity of the sections to lAA, more 
consistently so in the two higher concentrations of lAA used, - 
100 ' and 10 mg./I. Ked light, did not affect the response of the
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TABLE 47
The Influence of Red Light Pretreatment prior to sectioning 
on the subsequent Growth of Avena First Internode 
Sections C-k Y in the presence of lAA and GA
Cone.
Ex'oeriment No.
(ppm) Â 1 R2 R4 R5
D R D R D R D R D R
O' 0.54 0.57 0.74 0.45 0.58 0*44 0 . 6 8 0 *6,1 0*59 0*57
lAA
1 0 0 2.31 1.41 2.17 1.50 1.55 1 . 0 2 1 .70 1.91 1.59 0*99
1 0 2.43 1.44 2.62 1.53 2.05 1.59 1.98 1.52 2. -20 1 *38
1 1.40 0.80 2.19 1 . 1 2 1.53 0.7,3 1.67 1 .05 1.80 1.63
()i,1 0.65 0.52 1.33 0.71 1.38 0 . 6 8 1.08 0.84 1 . 2 2 1.06
GA
1 0 0.95 0.77 1.18 0 . 6 8 1.05 0.69 1.15 1.04 1 . 0 1 0*87
1 0.39 0.72 1.14 0.71 0.98 0*76 1.15 1.03 1.32 0*85
Oc-1 0.91. 0.87 1.07 0.63. 1.19 0 * 8 8 1.42 1.08 1.30 0.85
0V01 0.94 0.90. 1.16 0.64 1.15 0.89 1.40 1.03 1.19 0 * 6 6
LSD
(P=0.05)
0 .19 0 .29 0 è29 0 *44 0 *28
Each value is the mean of two replicates, (mm), (each replicate^ 
of 10 sections). Each first internode section (-N) was cut at 2 
mm.^ from the coleoptilar node. Red light pretreatment of 30 minute 
utes'was given to the seedlings just prior to sectioning. Sections 
were then subsequently left to grow in test solutions for 2 0  
hours in the dark at 25^0. Control medium was citric-phosphate 
buffer plus 2^ sucrose (pH=5).
D denotes sections cut from dark groim plants.
R denotes sections cut from plants pretreated with red light.
A3-0
f  25
E
c 2-0
0 
V)
1 1-5
X
Ul
c TO
DQ)
2
0-5
0
D R
Avena First Internode Sections (-N )
T L S D
l ( P = 0 - 0 5 )
O 4-2 -2 0
lAA Log. Cone, 
(ppm)
GA Log. Cone, 
(ppm)
(i* Sip, ipf.iLuence of red light pre treatment nrinr 
to sectioning on the growth of Avena firah 
internode sections in lAA. and GA.,.
(Expt. Ell)
C = control.
Explanatory notes as in Table 47.
t3-0 r-
2 2-5
E
c 2-0
0
CO
1  1-5
X
UJ
g TO
Q)
z
*0-5
0 C
A v e n a  F irs t  In te rn o d e  S e c t io n s  ( -N )
I LSD  (P=0*05)
0 +2
lAA Log. Cone, 
(ppm)
- 2 - 1  0  +
GA Log. Cone, 
(ppm)
Fig. 33. The influence of red light pretreatment prior 
-to sectioning on the growth of Avena first 
fnternode sections" in lAA and GA.
(Expt. R 2 ):
C = control.
Explanatory notes as in Table. 47.
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sections to GA in most cases (Fig. 32, Table 47, Expt*s R1;,
R3 and R4), although generally the growth of red light 
pretreated sections in the presence of GA was slightly less 
than that of the dark controls. It should be mentioned that 
with these sections, that is the (-N) type of sections, the 
response of the dark grown sections to GA was in itself rather 
slight. Red light pretreatment did not increase the GA response, 
nor did it reduced the GA response significantly except in a 
few instances as in Expt’s R4 and R5, (Table 47). In Experiment 
R2 (Fig. 33, Table 47) the red light pretreatment appeared 
to have significantly reduced the response of the sections to 
GA, but here, however, the red light pretreatment did reduce 
also the growth of sections without GA treatment significantly 
hence GA would appear to have had no effect on the red light 
inhibition of the sections. The results here are, on the whole, 
rather irregular and the only point which is fairly clear is 
that the red light pretreatment did have an inhibitory action 
on the sensitivity of the sections to lAA^ This may imply 
that the red light pretreatment had in some ways affected either 
the auxin level of the sections, or the various: phases of cell 
growth in the sections- so as to decrease any further response 
to exogenously added lAA.
(2) The Influence of Red Light Pretreatment prior to sectioning 
on the subsequent growth of Avena First Internode Sections 
(+K). in the presence of lAA and G^.
The procedure employed in the experiments here was 
similar to that described in the section above with the 
exception that here, the Avena first internode sections were
1 5 8
cut with the coleoptilar node included, i.e. the (+K) type of 
sections.
The results (Table 48, Fig. 34) show that the red 
light pretreatment did not have any effect on the growth 
of the sections without growth substance treatment. It also 
did not have any effect on the sensitivity of these sections 
to lAA. The presence of the coleoptilar node appeared to have 
prevented the inhibitory action of the red light pretreatments 
on the sensistivity of the sections to lAA which was found 
with the (-K) type of sections. It may be that the meristematic 
zone near the coleoptilar node is an auxin-producing center 
and thus prevent any lowering of the auxin level of these 
sections. On the other hand, it may also be that the cells 
near the region of the coleoptilar node are in a stage of 
development which is not affected by light in their subsequent 
elongation in the presence of added lAA.
The red light pretreatment did not have any effect 
on the response of the sections to GA also (Fig. 3 4 , Table 48) 
except in a few instances where the growth of the red light 
pretreated sections in the presence of GA just failed to 
reached significance (Table 48, Expt. NR 5 , at 0*1 amd 0*01 ppm 
GA).
(3) The Influence of Red and Far red Light Pre treatment prior: 
to sectioning on the, subsequent growth of Avena First 
Internode Sections-. (-N)-. in the presence of lAA and GA.
In the experiments to be reported here, the red light
pretreatÿdent,was given to the seedlings under the same 
conditions as described above. The far red light pretreatment
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TABLE 48
The Influence of Red Light Pretreatment prior to sectioning 
on the subsequent Growth of Avena First Internode 
Sections (+K) in the presence of lAA and GA
Cone. Exneriment No.
(ppm) m i m KR3 KR4 KR5
D R D R D R D ' R D R
0 0.99 0.87 1*36 1.28 0.95 0*99 0*99 1.08 1.15 1.18
lAA
100
10'
1
0*1
1.83 
1.79 
1.48 
1.09
1.47 
1.88 
1.58 
1.00
2.43 
2.53 
1.97 
1.42
1.44
2.40
1.72
1.23
1.82 
2.08 
1.85 
1 .44
1.64
1.98
1.68
1.29
1.76 
1.94 
1 .75 
1.29
1.77 
1.85 
1.56 
1.29
2.17
2.40
2.15
1.49
1.45 
2.04 
2.14 
1.32
GA
10
1
0*1
0.01
1.34 
1.41 
1.23 
1.30
1.60 
T.51 
1.52 
1 .41
1.-93 
1.82 
1.86 
1.85
1.57
1.78
1.92
1.67
1.45 
1.60 
1.42 
1 .29
1.54 
1.41 
1.56 
1.21
1.59
1.70
1.65
1.64
1.64 
1.68 
1.60; 
1.61
1 .69 
2.05
1.83
1.84
1.97
1.68
1.58
1.51
LSD/l*ào.^ 0.33 0*45 0.23 I 0*14 0;*46)
Each value is the mean extension(mm) of two replicates, (each 
repliaate of 10 sections). Each first internode section (+K) 
was cut with the coleoptilar node included (initial length = 3 . 5  
mm.). Red light pretreatment of 30 minutes was given to the 
seedlings just prior to sectioning. Sections were then 
subsequently left to grow in test solutions for 2 0  hours in the 
dark at 25 C. Control medium was citrie-phosphate buffer plus 
2 %  sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with red light.
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was given to the dark grown 3 day old seedlings by placing 
the glass bricks with the seedlings directly under the 
far red light source described in Chapter two at a distance 
of 38 cm. from the electric bulbs. Three types of far red 
light filters (described in Chapter II) were used. The general 
procedure of sectioning and incubation of the sections was 
the same as that described in the earlier section (p/d>).
(A) Exjperiments using Kodak "Wratten'* Ko.BBA far red filter.
Tables 49 and 50, Fig. 35 show the results of 
four experiments. In these, four different light pretreatments 
were given to the Avena seedlings prior to sectioning. One 
was not treated with any light at all, the second was treated 
with 30''minutes of red light, the third was, treated with 
30)minutes of far red light.and the fourth was first treated 
with 30 minutes of red light and followed immediately by 
30) minutes of far red light.
In two of the experiments,(Table 49, Expt's FR1 and FR 2 ),
the red light pretreatment had an inhibitory effect on the 
sensitivity of the sections to lAA at the three higher 
concentrations of lAA used, 10, 1 and 0.1 mg./I. However, 
in the other two experiments,(Table 50, Expt’s. FR 3 and FR 4 ), 
the red light pretreatment did not seemed to hâve any significant 
effect at all on the lAA response of the sections, although 
■generally the growth of the red pretreated sections were 
less than that of the corresponding dark controls. It should
be mentioned that the red light pretreatment had no significant
Fm-am 2
TABLE 4 9
The Influence of Red and Far-red Light Pretreatment 
prior to sectioning on the subsequent growth of 
Avena First Internode Sections (-K)
:n the presence of lAA and GA
Experiment No.
(ppm)
£. F S+E. e. & z R+F
0 0 . 5 5 0.^ 7^0 0-55 o:-6i 0-65 0.33 0-62 0'.45
#
0.1
OJOI
2.04 
1.80 
1.66 
0i67
1..67
1-38
1-07
0..79
2.32
1.25
1.35
o:.78
li.46.
1.14
0.66
0-57
2.04 
1.94 
1-56
1.05
1.80
1..70
1-27
0-94
2.12 
1.69 
1-73, 
0-99.
1.81
1.08
1-08
0-7/3
m
i:
O^T.
OvOli
1.06
1.2f
1.46
1.58
0.d1
0-87
0^88
0.61
1.36 
1 .44: 
1.27 
0-98
-A
0 . 3 2 .
0-73
0-65
0.88.
0'-96:
0-91:
1.10
0-98
0-97
1.18
1.06
1.04
1.04
1-1:9
1.06
0-98
0-68
0,87/
0-80
0-94
LSD
(P=0-05);
' 0..31 0-22
Each value is the mean extension (mm.) of two replicates, (each 
replicate of ten sections). Each first internode section (-N) 
was cut at 2 mm. from the coleoptilar node, (initial length 
= 3.5 mm.). Red and Par-red light pretreatments were given to 
the seedlings just prior to sectioning. Sections were then 
subsequently left to grow in test solutions for 20 hours in the 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2 %  sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 30 minutes 
of red light.
P denotes sections cut from plants pretreated with 30 minutes: 
of far^red light. (Kodak "Wratten" No.88â. filter with a 
100-watt bulB).
R+P denotes sections cut from plants pretreated with 30 minutes 
of red light fallowed by 30 minutes of far-red light.
TABLE bSO
1 ( 6 3
The Influence of Red and Far-red Light Pretreatment 
prior to sectioning on the subsequent growth of 
Avena First Internode Sections (-N) 
in the presence of lAA and GA
Experiment No.
Cone.
(ppm)
EE-3 m _ 4
D : Z E+E. & E SiE-
0 0.82 0.51 0.39 0.52 0.89 0.35 0.32 0.36
2.36 2.Off 2-03 2.26 2-20 i:-99. 2-11 1.33
1 2.01 1,-89 1.81 1 -80- 2.08 1-69 1-75 1.47
0.-1 1.75 1.54 1.75 0-92 1-81. 1.59 1.56 1.14
0 .D1 1.09 0.86 1.00 0-77/ 1.25 1.19 1.08 0.77
# 0.-90 0.74 0-75 0.36. 1-10 1.03 0-92 0-82
1, 1.02 0-93 1.00 0^86 1.16 1.20- 1.05 0.76
0 . 1 1.34 1.24 0-99 0.73 1.13 1..10 0-94 0.74
0.01 1.03 0.83 0-89 0-98 1.54 1.13c 0-89 0-70
, Lsa. ^
(P=0.O5)
. 0i32; 0*24
Each value is the mean extension (mm.) of two replicates, (each 
replicate of ten sections). Each first internode section (-N) 
was cut at 2 mm. from the coleoptilar node, (initial length 
= 3.5 mm.). Red and Far-red light pretreatments were given to 
the seedlings just prior to sectioning. Sections were then 
subsequently left to grow in test solutions for 20 hours in the 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2fo sucrose, (pH=5) . ^
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 30 minutes 
of red light.
F denotes sections cut from plants pretreated with 30 minutes* 
of far-red light.(Kodak "Wratten" K 0 .8 8 A. filter with a 
100-watt bulb).
R+F denotes sections cut from plants pretreated with 30 minutes 
of red light followed by 30 minutes of far-red light.
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Fig. 35. The Influence of red and far red light
pretreatments prior to sectioning on the 
growth of Avena first internode sections 
in lAA and GA.
(Expt. FR 2)
C = control.
Explanatory notes as in Table 49.
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effect on the growth of sections not treated with growth 
substance except in one experiment, (Table 50, Expt. FR4‘), 
where the 5^ level of statistical significance was reached.
The red light pretreatment did not affect the GA response 
of the sections in all the experiments except Experiment FR1, 
(Table 49, 50 and Fig. 35),in which it signifcantly reduced 
the GA response of the sections.
In all these experiments reported here in which the 
Kodak "Wratten" No. 88A far red filter was used, only one 
100-watt bulb was employed.
The far red light pretreatment did not app e a r ^  to 
have much effect on the response of the sections to lAA 
in almost all" the experiments except for one or two instances 
in Experiments FR1 and FR2 (Table, 49), in which the far red 
pretreatment did significantly reduced the response of the 
sections to lAA at 1 and 0.1 mg./I. The far red light pretreat­
ment had practically no significant effect on the response 
of the sections to GA.
Treatments with red light followed by far red light: 
showed in general a inhibitory effect on the response of the 
sections tcT lAA at most of the concentrations of lAA used,
10.i 1, 0;1 and 0.01 mg./I.. (Table 49, and 50. Fig.. 35) , although 
in one experiment (Expt. FR3X, the inhibition was only signifi­
cant at one concentration of lAA (0.Img./l.). Red plus far red 
pretreatment,however, had little effect on the response of 
the sections to GA except in Experiment FR1, (Table 49) where 
the GA response of the sections.was significantly reduced.
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The red plus far red light pretreatment in most cases, seem 
to bring about less, growth of the sections in response to 
lAA and GA than that of the sections pretreated with red or 
far red light alone. It appears that there may have been 
a contamination of the far red illumaination by red light.
The far red light did not appear to have antagonized any 
inhibitory action the red light may have had on the response 
of the sections to the growth substances, particularly lAA.
Table. 51 tiRd Fig. 35 show the results of an experiment 
in which the duration of the far red light, pretreatment given 
to the Avena seedlings prior to sectioning was longer, that is 
90. minutes. Otherwise the procedure used for this experiment 
was essentially the same as that described for the experiments 
above. None of the three different light pretreatments, red, 
far red, and red plus far red, had any significant effect on 
the growth of the sections without any growth substance 
treatments-. Red light pretreatment here did reducejif significantly 
the lAA response of the sections at all the concentrations 
used, 10, 1,,0.1; mg./l. It also reduced significantly the 
GA response, of the sections at two concentrations of GA, 10 
and 0.01. mg./l. The far red light pretreatment here seemed 
to act in the same way as the red light, it significantly 
reduced the response of the sections at one of the concentrations 
used, 1 mg./l. and the GA response at three of the concentrations 
used, 10, 1, 0.1 mg./l. The effect of the red plus far red
pretreatment further reduced the growth of the sections in, 
response to lAA and GA although it did so significantly at
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TABLE 51i
The Influence of Red and Far-red Light Pretreatment 
nrlor to sectioning on the subsequent growth of 
Avena First Internode Sections (-H) 
in the presence of lAA and GA
Evneriment No. FR 5
Ggnc.
(ppm)
a. Z m .
0 0-98 1.00; 1.14 0.75,
3..12 2.69 3.12 2.86,
ii 2.56 1-78 2.12 1.87
0..1i 2 .10 1.56 1-91 1.34
GA
10) 1-74 1.J08 1.26. 1.21
1: 1.61 1.39 1.21 1-02
0..1 1 .M 1.42 1-45 1 .13
O-Oli 1.52 1.13: 1 -4$ 1-12
(P=0-05)
0 -37
Each value is the mean extension^ (mm.} of two replicates, (each 
replicate of ten sections).. Each first internode section (-N.) 
was cut at 2 mm. from the coleoptilar node, (initial length 
= 3 . 5  mm.). Red and Far-red light pretreatments were given to 
the seedlings just prior to sectioning. Sections were then 
subsequently lefjt to grow in test solutions for 20 hours in the. 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2 %  sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated.with 30 minutes 
of red light.
F denotes sections cut from plants pretreated with 90’ minutes 
of far-red light. (Kodak "Wratten" No.SSA. filter with a 
100-watt bulb).
R+F denotes, sections cut from plants pretreated with 30 minutes 
of red light followed by 90 minutes of far-red light.
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Fig. 36 The influence of red and far red light pretreatments 
prior to sectioning on the growth of Avena first 
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Explanatory notes as in Tkble 511
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only two concentrations of lAA used, 1 and 0.1 m g . / l .  The 
results further show that there is an absence of the 
antagonism between the red and far red light pretreatments.
It is difficult to say whether this may be due to a 
contamination of the far red light by red light with the 
type of far red filter used in thèse experiments.
(B) Experiments using red (R400) and Blue.(B700)_Tpers.pex!’ 
far red filter.
In view of the results obtained with the far red 
light pretreatment above, it was decided to use other types 
of filters for far red light.
The results here were obtained from two experiments 
using red (R400), and blue (B700) "perspex" far red filter 
with three,100-watt bulbs as described in Chapter II. The 
Avena seedlings were placed under the far red light source 
at a distance of 38 cm. from the bulbs. The general procedure
used was similar to that described earlier. In one of the
experiments (Expt. FR6), the duration of red light pretreatment 
was 30 minutes, that of far red light pretreatment was 60 
minutes* In the other experiment (Expt.FR7), the red light 
pretreatment was of 60 minutes, and the far red light
pretreatment was of 60 minutes also.
In can be seen from the results (Table 52, Fig. 37) 
that the red light pretreatment did not have significant 
effect ofi the growth of the sections without growth substance 
treatment in Expt. FR6 whereas in Expt. FR7 it did reduce 
the growth of the sections significantly. The red light
î7o
et^ae çf Red and Far-red Light Pretreatment
nrîor'"ïTsëc^îoDÏDg on the subsequent growth of 
Avena First Internode Sections (-M)
In the nresence of lAA and GA
Experiment No »
coasL.
(ppm)
F? 7
Ü E E a±E a. E a+E
0 0.59 0.42 0.31 0.27 0*90 0,54 0.51 0,44
2,75 2.-24 2.51 1.84 2.73 1,73 1.57 1.13
1 1 -99 1.75 1.24 0*79 1.38 1.13 1.38 0.73
0.1 1.65 1.29 0,97 0*75 1.31 1,03 1,15 Oi.84
OlrOI 1.19 0;99 0,65 0.41 0*99 0,58 0*84 0*69
% 1.45 1.37 0,79 0.61 0.98 0.68 0.68 0.71
1 0.96 0.81 0.51 0.39 1.35 1,01 0.74 0.75
0.1 0.83 0.73 Oi.40 0#39 1*07 1,04 0.75 0.73
0.01 0.65 0,59 0.32 0*40 1.38 1.01 0.87 0,71
(P=0..05)
' O'. 24 0*51
Each value is the mean extension (mm.) of two replicates, (each 
replicate of ten sections.). Each first internode section (-N) 
was cut at 2 mm. from the coleoptilar node (initial length 
= 3.5 mm). Red and far-red light pretreatments were given to 
the seedlings just prior to sectioning. Sections were then 
subsequently left to grow in test solutions for 20 hours in the 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2 %  sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 30 minutes 
(Expt. FR6), and with 60 minutes (Expt. FR7) of red light.
F denotes sections cut from plants pretreated with 60 minutes 
of far -red light (Expt. FR 6 & 7).
R+F denotes sections cut from plants pretreated with 30 minutes 
(Expt. FR6) and with 60 minutes (Expt. FR7) of red light 
followed by 60 miutes of far-red light in both cases.
Far-red light filter used was Red(R400) and Blue (B700) 
"Perspex'" filter with three 100-watt,bulbs.
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prior to sectioning on the growth of Avena first
. internode sections lAA and GA. (Expt. FR 7) 
Explanatory notes as in Table 52. ^ ~ control.
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pretreatment also reduced the sensitivity of the sections to 
lAA at all the concentrations used in Expt. FR6, 10, 1, 0.1, 
and 0.01 mg./l. In Expt. FR7, the growth of the red light 
pretreated section in response to lAA was also much less than 
that of the corresponding dark controls, but in this experiment, 
the red light pretreatment did reduced the growth of the 
sections not treated with lAA significantly, therefore the 
red light pretreatment appeared to have had no significant 
effect on the lAA response of the sections at all the 
concentrations except the highest one, 10 mg./l. where the 
inhibition was significant, (Fig. 37, Table 52). As for the?
GA response of the sections, the red light pretreatment did 
not appeari^iK to have had much effect in both experiments, 
although the growth of the red light pretreated sections was 
less than that of the corresponding controls.
The far red light pretreatment reduced the growth of 
the sections without growth substance.-treatment in both the 
experiments.significantly. The lAA repense of the sections-, 
in Expt. FR6 was significantly reduced by the far red light 
pretreatment a l X  all the concentrations of lAA except the 
highest concentration 10 mg./l. used. In Expt. FR7, however, 
only the response of the sections to the highest concentration 
of lAA used, 10 mg./l. was significantly reduced by the far 
red light pretreatment, (Table 52, Fig. 37). The GA response 
of the sections.pretreated with far red light was again 
significantly reduced at all the concentrations in Expt. FR6 ^
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but in Expt. FR7 the GA response of the far red pretreated 
sections was significantly reduced at one concentration only,
1 mg./l.
The red plus far red light pretreatment had significantly 
inhibited the growth of the sections without growth substance 
treatment in both experiments. The lAA response of the sections 
pretreated with red plus far red was significantly reduced 
at all the concentrations in Expt. FR6, but only at the 
highest concentration, 10 mg./l. in Expt. FR7. The GA response 
of the sections so treated was significantly reduced at the 
three higher concentrations, 10, 1, 0.1 mg./l. in Expt. FR6, 
whereas in Expt. FR7, the red plus far red light pretreatment 
did not reduce the GA response of the sections significantly.
The growth of the sections pretreated with red plus far red 
light was always considerably less than that of the controls 
from dark grown plants. Obviously there is a much greater 
amount of contamination of the far red light by red light 
when using the red and blue "perspex" far red filter as is 
indicated by the results here. The far red light given by 
this type of filter did not antagonize the inhibitory effect 
of the red light, if anything, it seemed to inhibit the 
growth of the sections further.
(C) Experiments using Ilford No. 207 filter.
The third type of far red light filter used was the 
Ilford No. 207 filter. In the experiments to be described 
here, the procedure employed was essentially similar to that
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described earlier in this chapter. The Ilford No.207 filter 
was used with three 100-watt bulbs.
Table 53 and Fig. 38 show the results of two experiments. 
In one experiment (Expt. FR8) the red light pretreatment given 
to the Avena seedlings prior to sectioning was of 30 minutes, 
and the far red light pretreatment was of 30 minutes also.
In the other experiment (Expt. FR9), the red light pretreatment 
was of 60 minutes, and the far red light pretreatment was of 
90 minutes.
In Expt. FR8, the red, far red, and red plus far red 
light pretreatments did not significantly inhibitf% the growth 
of the sections without growth substance treatments. The lAA 
response of the sections was singificantly reduced at only 
one concentration, 10 mg./l. The GA response of the sections 
did not appear to have been significantly reduced, although 
the growth of the red light pretreated sections in the presence 
of GA was generally less than that of the corresponding dark 
controls and as a result, the growth due to GA of the red light 
pretreated sections was no longer significant themselves, (Table 
53, Fig. 38). The far red light pretreatment did not have any 
significant effect on the lAA response of the sections. The 
GA response of the sections was not affected either. The red 
plus far red pretreatment had practically no significant effect 
on the lAA response of the sections at all. The GA response 
of the sections so treated were not affected except at one
concentration, 0.1 mg./l. It may be noted that in this 
experiment, at the highest concentration of lAA used, 10 mg./l*
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TABLE 5 5 .
The Influence of Red and Far-red Light Pretreatment 
prior to sectioning on the subsequent growth of 
Avena First Int^ernode 8ectionss7-N) 
in the presence of lAA and GÆ
Experiment No •
Cone.
(ppm)
Efi.8 m  9
D R £ R+F D R £ R+F
0 0*53 0*56 0.48 0.49 0*88 0.75 0.78 0*58
2.82 2.34 2.94 2*91 3.13 2.33) 3*35 2*45
1 1*84 1.73 1.91 1.76 2.(14 1.80) 2#J33n 1.52
0*1 1 *59 1.47 1*74 1.45 2.01 1*63 2.21 1*27
0*01 1.17 T.23 1.07 1.07 -
% 1..16 0*86. 0*90 0.88 1.25 1.03 1.42 0.91
1 1.13 0*88î 0*85 0*94 1.35 0.99 1.33^ 1*06
0.1 1.51 0.88 1.44' 0.85 1.-43 1.18 1*47 0.98
0.01 0.96 0.73 1.09 0.80
LSD
(P=0,.05)
0.39 0* 31
Each value is the mean extension (mm*.) of two replicates, (each 
replicate of ten sections)* Each first internode section (-N) 
was cut at 2 mm. from the coleoptilar node (initial length 
= 3.5 mm*). Red and Far-red light pretreaWents were given to the 
seedlings just prior to sectioning. Sections were then 
subsequently left to grow in test solutions for 20 hours in 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2 %  sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 30 minutes
(Expt.FRS), and with 60 minutes (Expt.PRQ) of red light*
F denotes sections cut from plants pretreated with 30 minutest
(Expt.FRS), and with 90 minutes; (Expt.FRS) of far-red light.
R+F denotes sections cut from plants pretreated red light 
followed by far-red light of durations indicated above for 
each experiment respectively.
Far-red light filter used was Ilford No*207 filter with 
three 100-watt bulbs.
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(Expt. FR 8)
C = control.
Explanatory notes as in Table 53
the red light pretreatment significantly reduced the lAA response 
of the sections, the far red light pretreatment,however, had 
no effect on the lAA response of the sections. The red plus 
far red light pretreatment did not cause any inhibition of 
the lAA response of the sections either. The growth of the 
sections pretreated by far red light and by red plus far red 
light were equivalent to that of the corresponding dark control. 
Therefore here we see an instance where the far red light given 
after the red light appeared to have reversed the inihibitory 
action of the red light on the lAA response of the sections.
In Expt. FR9, the red, far red and red plus far red 
light pretreatments again had no significant effect on the 
growth of the sections not treated with growth substances.
The red light pretreatment significantly reduced the lAA 
response of the sections at one concentration only, 10 mg./I. 
(Table 53)'. This pretreatment did not affect the GA response 
of the sections significantly. The far red light pretreatment 
did not have any appreciable effect on either the lAA response 
or the GA response of the sections. The red plus far red light 
pretreatment, however, did significantly reduce the lAA-response 
of the sections at all the concentrations used. The GA response 
of the sections was not affected by this pretreatment. It may 
be recalled that the duration of exposure to the far red light 
in this experiment (Expt. FR9) was 90 minutes, three' times 
as long as that used in the previous experiment (Expt. FR8).
Table 54 and Fig. 39 show the results of another two 
experiments in which the duration of the red light and of
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TABLE 5 4
The Influence of Red and Far-red Light Pretreatment 
prior to sectioning on the subsequent growth of 
Avena First Internode Sections (-Nl 
in the presence of lAA and GA
Cone.
(ppml
Experiment No .
EtLJQ ; m j i
D R F R+F D a F R+F
0 0.54 0.43 0.43 0.33 0.63 0.59 0.47 0.50
lAA
TOO 1.14 0..70; 1.02 0.68 —- -
10) r.o96 1.16 1.53 1.08 2.95 2*60 3.01 2.69
1 1.78 1 .00) 1.42 1 .00) 2.09 1*78 1.80 1 .33
0.1 1.21 0.80 1.06 0.79 1.68 1.55 1.48 1.01
GA •
10Ô 0.90 0.57 0.76 0.46 - - -
10 0.93 0&46 0^77: 01.50 1.13 1.05 0.97 0.69
1 0;90 0.50 0.82 QV47 1.27 1*06 1.02 0.69
0.1 1.00 0.50) 0.^78 0.50 1.14 0*91 0.93 0.73
LSD , C).17 c).32
(P=0.05)
Each value is the mean extension (mm) of two replicates, (each 
replicate of ten sections). Each first internode section was 
cut at 2mm. from the coleoptilar node (-N), (initial length 
= 3.5 mm.). Red and far-red light pretreatment were given to 
the seedlings just prior to sectioning. Sections were then 
subsequently left to goow in test solutions for 20 hours in the 
dark at 25 C. Control medium was citric-phosphate buffer plus 
2 % sucrose (pH=5).
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 60 minutes 
of red light.
F denotes sections cut from plants pretreated with 60 minutes 
of far-red light.
R+F denotes sections cut from plants pretreated with 60 minutes 
of red light followed by 60 minutes of far-red light.
Far-red light filter used was Ilford No. 207 filter with ' 
three lOO-watt bulbs.
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Fig. 39. The influence of, red and far red light
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(Expt. FR 10)'
C = control.
Explanatory notes as in Table 54.
^^l8o
far red light pretreatments was of 60 minutes. In Expt. FR10 
Only the red plus far red light pre treatment had a significant 
inhibitory action on the growth of the sections without growth 
substance treatment. The IÂA response of the sections was 
significantly reduced by the red light pretreatment and so 
was the GA response of the sections. The far red light 
pretreatment significantly reduced the lAA response of the 
sections at only two concentrations, 10 and 1 mg./I. It did 
not affect the GA response of the sections. The red plus far 
red light pretreatment significantly reduced both the lAA 
and the GA responses of the sections. In this experiment, 
the far red light pretreatment did not appear to have reversed 
the inhibitory action of the red light pretreatment on the 
growth of the sections in lAA and GA.
In Expt. FR1T, all the three different light pretreat­
ment did not have any significant effect on the growth of 
the sections without growth substance treatment. The red 
light and the far red light pretreatments also did not have 
any effect on the lAA and GA responses of the sections. The 
red plus far red light pretreatment,*however, did have a 
significant inhibitory effect on the lAA response of the 
sections at two concentrations, 1 and 0.1 mg./I., and on the 
GA response of the sections at one concentration, 1 mg./I.
In this experiment, there is no indication of any antagonism 
bwtween the red and far red light also.
' I 8 i  .
(4) The Influence of Red and Par red Light Pre treatment prior.. 
to sectioning on the subsequent growth of Avena First 
Internode Sections. in the presence of lAA and GA.
It has been observed earlier in this chapter (p./T/) 
that 30 minutes red light pretreatment did not have any 
effect on the growth of Avena first internode sections cut 
with the coleoptilar node included, the (+N) type of sections.
The lAA and GA responses of these sections were not affected 
by the treatment either. It was decided to investigate 
whether the (+N) sections would be affected by a longer period 
of red light pretreatment and by far red light.
The far red light filter used in the experiments was 
Ilford No. 207 filter together with three 100^watt bulbs.
The procedure of pretreating the seedlings with light was 
essentially similar to that described earlier.
Table 55 and Fig. 40 show the results of two experiments. 
The duration of the red light and far red light pretreatments 
was of 60 minutes in each case. In Expt. FR12, the only light 
pretreatment which significantly inhibited the growth of the 
sections without growth substance was the far red light pretreat­
ment. With regards to the lAA response of the sections, none 
of the light pretreatments had any effect on the growth of the 
sections at two of the concentrations of lAA used, 1, 0.1 mg./I. 
At the highest concentration of lAA used, 10 mg./I. the red 
light pretreatment did significantly reduced the lAA response 
of the sectionsj but the far red light pretreatment on the other
hand significantly increased the response of the sections to lAA. 
The response of the sections pretreated with red plus far red
TABLE m
The Influence of Red and Far-red Light Pretreatment 
prior to sectioning on the subsequent growth of 
Avena First Internode Sections (hK) 
in the presence of lAA and GA
Gone.
(ppm)
ExperjLment No.
FÏL12. FR 13
D. R F R+F a. R F R+F
0 1.09 1.03 CL .75 CL,96 U 4 5 1.40 1.14 1.21
w
1
0..1
2.09
1.92
1.81
1.32
1.76
1.52
2.43
1.78
1.64
1..73
1.63
1.57
2.^96
2.06
1.83
2.35 
2.11 
1.88
4.26
2.18
1.89
3.66b 
2.03 
1.84
#
1
0.1
2.00
2.13
2.05
1.21
1..56
1.58
1.49
1.52
1.54
1.84
1.54
1.60
2.64
2.65 
2.78
2.15
2.43
2.21
2.79 
2.82
2.80
2.82
2.68
2.92
LSD
(P = 0 .j05)
0.33: 0.53
Each value is the mean extension (mm) of two replicates, (each 
replicate of ten sections). Each first internode section (+N) 
was cuit with the coleoptilar node included, (initial length 
- 3.5 mm.). Red and far-red light pretreatments were given to
the seedlings just prior to sectioning. Sections were then
subsequently left to grow in test solutions for 20 hours in the 
d ^ k  at 25 C. Control medium was citric-phosphate buffer plus 
2 %  sucrose (pH=5). ^
D denotes sections cut from dark grown plants.
R denotes sections cut from plants pretreated with 60 minutes
of red light.
F denotes sections cut from plants pretreated with 60 minutes 
of far-red light.
R+F denotes sections cut from plants pretreated with 60 minutes.
of red light followed by 60 minutes, of far-red light. 
Far-red filter used was Ilford No. 207 filter with three. 
10Q)“watt bulbs.
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Fig.* 40. The influence of red and far red light 
pretreatment prior to sectioning on the 
gro'^th of Avena first internode sections 
in lAA and GA.
(Expt. FR 12)
C = control.
Explanatory notes as in Table 55.
1 8 4  .
light to lAA and to GA was not affected by the light treatment 
at all. Here it appeared that the far red light did reverse 
the inihibitory action of red light on the lAA response and 
the GA response of the sections at a concentration of 10 mg./I#.
In Expt. FR13, none of the light pretreatments 
significantly reduced the growth of the sections without 
growth substance treatment. The red light pretreatment, however, 
did show a significant inhibitory action on the lAA response 
of the sections at one concentration only, 10 mg./I. The GA 
response of the sections was not affected by the red light 
pretreatment. The far red light pretreatment did not have 
any effect on the lAA and GA responses of the sections except 
at 10 mg./I.. lAA where it significantly increased the response 
of the sections. The growth attained by these sections at 
10 mg./I. was exceptionally great as compared with that of 
the dark control. The red plus far red light pretreatment had 
no significant effect on the responses of the sections, to lAA 
and to GA. In this Experiment one the whole, the growth attained 
by the sections pretreated with the light treatments was 
as large as those of the corresponding controls, particularly 
the far red light pretreated ones, which were slightly greater 
than that of the corresponding controls. One other point which 
may be noted in this experiment is that the far redslight 
pretreatment had significantly reversed the inhibitory action 
of the red light pretreatment oô the response of the sections 
to 10 mg./I. lAA.
185
t5) The Influence of Red Light on the Growth of Avena First 
Internode Sections. (-N). cut from Seedlings pretreated 
with Red and Far red light., in lAA and GA.
In these experiments to be described here, the Avena
first Internode sections used were cut at 2 mm. from the
coleoptilar node, the (-N) type of sections. The general
procedure of light pretreatments given to the seedlings prior
to sectioning was esscentially similar to that described
earlier. The far red light filter used here was red (R40Q) and
Blue(B700) "perspex" filter together with three. 100-watt, bulbs<
Three, different types of pretreatments were given to the
3 day old dark grown Avena seedlings in these experiments.
One set was the controls in which the seedlings were not given
any light treatment at all. The second set was pretreated with
60 minutes of red light, and the third set was pretreated with
60 minutes of far red light. Sections were then cut from
these three sets of seeedlings. After sectioning, half the
sections in each set were then grown in the test solutions
in the dark for 20 hours at 25^0., and the other half from
each set were grown in the test solutions in red light for
20 hours at 25^C. The red fluorescent tubes, were at a distance
of about.45 cm. from the sections in the test solutions in
the glass vials. These glass vials were covered with a sheet
of transparent perspex, adequate aeration was provided through
small holes in the perspex sheet. Thus there were altogether
six:different combinations of treatments given in each
experiment. (1) Sections from dark grown seedlings grown in 
test solutions in the dark for 20 hours. (2) Sections from
l 8  6
dark grown seedlings grown in test solutions in red light for 
20 hours. (3) Sections from seedlings pretreated with 60 minutes 
red light grown in test solution in the dark for 20 hours. (4) 
Sections from seedlings pretreated with 60 minutes red light 
grown in test solutions for 20 hours in red light. (6) Sections 
from deedlings;*pretreated with 60 minutes far red light, grown 
in test solutions in the dark for 20 hours. (6) Sections from 
seedlings pretreated with 60 minutes far red light grown in 
test solutions in red light for 20 hours.
The results of two experiments are shown in Table 57 
and Fig. 41. In these experiments, during the incubation period 
of 20 hours, the sections in the test solutions were not 
agitated on a shaking machine, bothoih the dark and in red 
light. It can be seen that the results were rather anomalous. 
The response of the sections-from dark grown seedlings to lAA 
in the dark was altered to a great extent by the lack of 
agitation. The log.dose-response curve was very different from 
that normally obtained when the sections were agitated in the 
test solutions, (Fig. 41). Here,instead of the responses at 
the concentrations of lAA used rising to an optimum at 10 mg./I. 
The curve had become a flat-topped curve with the optimal 
response at a much lower concentration of lAA, 0.1 mg./I.
Thus the necessity for agitation of the first internode 
sections in the test solutions during the incubation period 
in order to obtain the optimal response was clearly shown.
This effect had been shorn for Avena coleop)tile sections 
by Hancock and Barlow (1953), and for Avena first internode
187
Ths^Heap FixtensioiL.
TABLE 56
arnwt.h (mm) in Red Light_of Avena First
Internode Sections (-N) eut from plants given light 
pretreatments prior to sectioning.in the 
presence of lAA ând GA
tot.
M i
Light Ççnç entrai:io£ (ppm)
treatment.
IM. GA
1
Q. L 2L1 O Æ L m 1 W L L LSD
(P=0.05>
D-D a.63 1,38 1.60 1.72 1.27 1.02 1.05 1.10 0.87
D—R 0.63 1.31 1.22 1.44 1.05 0.73 CL78 0-.67 0.67
BRJ. R-D
R-R
0.82
0^66.
1.00
0.65
1.68
1.10
1.67
1.28
1.10
1.39
0.86
0.79
0.77
0.75
0.74(
0.71
)0.79
0.90
0.32;
F-D
F-R
a.78
0.60
1.14
1.25
1.63
1.48
t.63
1.28
1.44. 
0^97
0.90
0.81
0.87
0:.73
0..94
0.70
o:.95
0.71
D-D
D-R OiSI
1.57
1.41
1.72
T.45
2.42
1.89
1.10;
1.17
1.24
1#14
1.36
i#2a
1.43
1.42
1.33
1.18
: RR 2 R-D
R-R
0..92
0.87,,
1.06
1.05
1.75
1.86
1.89
1.90
1.22
1.29
1.16
1.21
1.07
0.95
1.07
1.0:6
1.08
1.02
0.35
F-D
F-R
0.79
0.82
1.79
1.49
2.23
1.66b
2.26
1.97
1.40
1.53
1.81
1.20
1.11
1.02
1.04
1.01
1.09
1.10
Each value is the mean of two replicates, (each replicate of 
ten sections). Each first internode section (-N) was cut at 
2 mm. from the coleoptilar node,(initial length - 3.3 mm).
Control medium was citric-phosphate buffer plus 2 % sucrose (pH=5) 
Light pretreatments were given to the seedlings just prior to 
sectioning and the sections were subsequently left to grow in 
test solutions in either darkness or in red light for 20 hours; 
at 25^0. During the 20-hour growth period, the sections were 
not agitated in these experiments.
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given during 
growth period.
None (Darkness). 
Red light.
None (Darkness). 
Red light.
None (Darkness). 
Red light.
Far-red light filter used was Red(R400), and Blue(B700) "Perspex" 
filter with three 100-watt bulbs.
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Fig., 41. The mean extension growth in red light of Avena 
first internode sections cut from plants given 
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and GA.
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Explanatory notes as in Table 56.
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by Nitsch and Kitsch (1956). The results of the two experiments 
were in fairly close agreement. On the whole, the different 
light treatments given did not induce any significant differences 
beti^reen the responses of the sections whether treated with 
growth substances or not. Only the sections from the red light 
pretreated seedlings grown either in the dark or in red light: 
showed some significant reduction in growth as compared with 
the corresponding dark controls. Ko valid conclusions may be 
drawn from these results concerning the effects of the light ' 
treatments as the growth of the sections were obviously 
suppressed to a considerable degree by the lack of agitation 
of the sections during the incubation period.
In view of the results given above, a further 
experiment was carried out with exactly the same light treat­
ments given, but in this case, the sections were agitated, 
gently on shaking machines during the incubation of the 
sections)either in darkness; or in red light for 20 hours. The 
results (Table 57, Fig. 42) clearly show that agitation of the 
sections in the test solutions during the incubation period 
had completely restored the usual responses of the sections 
from dark grown seedlings to the various concentrations' of 
lAA used in the dark. Sections cut from dark grown seedlings 
did not show any significant differences: when grown either in 
darkness or in red light without growth substance treatments.
The same was also true of the sections cut from seedlings 
pretreated with red light or with far red light. The sections 
from the red light pretr.eated and from the far red light
9n
TABLE gar
The Mean Extension Gtowtfa (mm) in Red Light of Avena First 
Internode Sections (-M) cut from plants given light: 
pretreatments prior to sectioning, in the 
presence of lAA and GA
Expt. Light
treatment
Coiicent;:^ atjL,ofi (ppm)
»
IM.
0 10) 1 0.1 0.01 10 1 0.1 0.01 LSD
(P=O.Q5)
D-D
D-R
1.08
1.05
3.05
2.08
2.16
1.76
2.06
1.47
1 .3S 
1.19
1.32
1.^3
1 .61 
1.19
11.60
1.44
1.36
1.26
R-D
R-R
0.82
0;64
2.40
1.79
1.95
li.48
1.62
1.46
0.98
1 .0:7
1.06
0.94
0.92
0.87
1..06l
0.92
0.98
0.79
0.27/
F-D
F-R(
0.87
0..70
2.75
1.51
2.00
1.49
1.54
0.86
1.09 1.25
1.04
1.12
0.95
1 .10 
0.89
0V98
0 .9 9:
ten sections). Each first internode section (-N); was cut at 
2 mm. from the coleoptilar node, (initial length = 3.5 mm.). 
Control medium was citric-phosphate buffer plus. 2 % sucrose 
(pE=5),. Light pretreatments were given to the seedlings just prio: 
prior to sectioning, and the sections were subsequently left to gr 
in test solutions either in darknessB or in red light for 20 
hours at 25 C. During the 20-hour growth period, the sections 
were agitated in this experiment.
Symbol
D-D
D-R
R-D
R-R
F-D
F-R
Ll^ht pretreatment 
â z e û  prjLpr to 
sectioning.
None.
n
60/minutes red light.
60 ” " M
60 minutes far-red light.
60 « M ff fi
Light treatment 
given during 
growth period.
None (Darkness),. 
Red light.
None (Darkness). 
Red light.
None (Darkness). 
Red light.
Far-red light filter used was Red (R4Ô0) and Blue (B700). 
"Perspex" filter with three 100-watt,bulbs.
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Fig.. 42. The mean extension growth in red light of Avena 
f1rs£ "internode sections cut from plants given 
light pretreatments prior to sectioning, in lAA 
and GA.
(Expt. RR 3)
C = control.
Explanatory notes as in Table 57.
pretreated seedlings grown in red light did show a significant 
reduction in growth when compared with the sections from the 
dark g r o m  seedlings groim in the dark. At the lowest 
concentration of lAA used, 0.01 mg./I., the growth of the 
sections given the various light treatments did not whow any 
significant difference’in their responses. The sections from 
dark grown seedlings when grown in red light.did show 
significant inhibition of their response to the three, higher 
concentrations of lAA used when compared with that of the s 
sections, grown in the dark. In the case of the sections cut. 
from seedlings pretreated with red light, when grown in red 
light, significant reduction in growth was obtained in their 
response to lAA at the two higher concentrations, 10, 1 mg./I. 
when compared with that of the sections grown in
With the sections cut from seedlings pretreated with far red 
light, the responsje of the sections, to lAA when grown in W »  
te?k-was significantly reduced at the three higher concentrations 
of lAA used, 10, 1, 0.4 mg./IV as compared with that of the 
sections grown in
When the sections were grown in darkness, those cut 
from seedlings pretreated with red light were significantly 
inhibited in their response to lAA at one concentration only,
10 mg./I., The far red light pretreated ones=also showed ^ 
significant inhibition of lAA response at one concentration,
0#1 mg./I. When grown in red light, the sections cut from
both the red light and far red light pretreatments were ^
significantly reduced in growth without growth substance treat-
i g ?
ments. The red light and far red light pre treated sections, 
however, were not significan-tly affected in their responses 
to lAA. In general the responses of the sections given the 
different light treatments were all less than that of the 
sections cut from dark grown seedlings and grown in the dark.
The GA response of the sections pretreated with red 
and far red light as well as those from dark grown seedlings 
was not significantly affected. Only the response of the 
sections from the dark grown seedlings grown in red light 
was significantly reduced at 1 mg./I. of GA. When grown in the 
dark, the sections from seedlings pretreated with red and far 
red light were significantly inhibited in their response to 
GA at two of the concentrations used, 1 and 0.1 mg./I. With 
the sections groim in red light, only those from seedlings 
pretreated with far red light were significantly inhibited 
in their response to GA at O^t mg./I. Here, also, the growth 
attained by the sections given the different light treatments: 
was all less than that of the sections from dark grown seedlings 
grown in the dark.
In resume, it may be said that in these experiments 
where the sections were cut from seedlings pretreated with 
various light treatments and then grown in the dark, the results 
were rather irregular and not highly reproducible, therefore 
not tea much importance may be attched to the results. Never­
theless, certain general patterns may be seen in the results.
The red light pretreatment given to the seedlings prior to 
the excision of the sections appeared to have little inhibitory
153(l,
action on the growth of the sections without any added growth 
substances. Under the conditions used in the experiments here, 
only on a few occassions was the red light pretreatment ibhibitory 
to the growth of the sections. The results do indicate that 
inhibition of the growth of sections by red light,pretreatment 
given prior to sectioning can be demonstrated and perhaps more 
positively so if logger periods of exposure to red light than 
was used in the experiments here were employed.. The data of 
Schneider’s. (1941) had also demonstrated the inhibitory effect 
of red light pretreatment on the growth of Avena first inter­
node sections, but in his experiments, the sections were 
subsequently grown continuously in red light, somewhat similar 
to the experiments RH 1., 2, and 3 described above.
The far red light pretreatment given to the seedlings 
prior to sectioning had on the whole little effect on the growth 
of the sections without growth substance/ treatments. On a few 
occassions, significant inhibition of the growth of the sections 
by far red light pretreatment did occur, and-the results 
suggest that with the three types of far red light filters used, 
the red (R400) and blue (B700) "pe^^fpex" filter appeared to 
give far red illumination containing a greater amount of red 
light contamination than the other two types of filters used.
The Ilford far red filter seemed to be more satisfactory. None 
the less., the far red light pretreatment did not increase the 
growth of the sections. There was no indication of the red- 
far red reversible system working in the growth of the 
sections without added growth subst^ces under the conditionô
1 9 4
reported here.
The effect of red light pretreatment had been shown 
here to have a significant inhibitory action on the response 
of the sections to lAA at the various, concentrations used, but 
more frequently at the higher concentration used, 10 mg./I.
It may be noted here that although the inhibition of the sections 
by the red light pretreatment in the absence of lAA was very 
slight if significant at all, the addition of lAA did not 
eliminate such inhibition, the reduction in growth was greater 
in the presence of lAA than in its absence.
The effect of the red light pretreatment on the GA 
response of the sections was again rather irregular, in most 
cases it has little effect, on other occasions, it did reduced 
the GA response of the sections significantly. Where inhibition 
was obtained, GA treatment did not reverse it.
The far red light pretreatment either had no effect 
or did significantly inhibited the response of the sections 
to lAA. The same is also true of the GA response of the sections.
The red plus far red pretreatment showed, in most 
cases, a greater inhibitory action than either of the two 
light pretreatments acting alone. Only in one instance did 
the results showed that the far red light may have reversed 
the inhibitory influence of red light in the presence of lAA.
In the case of GA response, the red plus far red pretreatment 
had either no effect or it significantly reduced the growth 
of the sections in the presence of GA.
The experiments discussed above were all carried out
9 5
with the (-K) type of sections, i.e. sections cut at 2 mm. 
from the coleoptilar node. In the case of the (+K) type of 
sections, i.e. sections cut with the coleoptilar node included, 
the red light pretreatment did not have any significant inhibit­
ory effect on the growth of the sections without added growth 
substances. The far red light pretreatment did show a slight 
inhibitory effect. The lAA response of the (+N) type of sections, 
was not affected by 30 minutes of red light pretreatment, but 
with a lènger period of exposure, 60 minutes, the lAA response 
of these sections were significantly reduced at a eoncentration 
of 10 mg./I. The GA response of the sections were not significant­
ly affected except on one occasion where they were significantly 
reduced. The red plus far red pretreatment and the far red 
pretreatment both had no significant effect on the lAA response 
of the sections, but on one occasion (Expt. FR13) the far red 
pretreatment seemed to have significantly increased the response 
of the sections to lAA at 10 mg./I. In the case of GA response 
of these sections, the far red pretreatment and the red plus 
far red pretreatment had no significant effect. In the two 
experiments ( Expt*s. 12 and 13) w6th the (+N) type of sections, 
the far red light pretreatment appeared to have reversed the 
inhibitory effect of red light on the response of the sections 
to lAA at 10 mg./I. The same appeared to be the case also for 
the GA response of the sections at a concentration of 10 mg./I. 
These are the only instances where the red-far red system seems 
to be operating.
In the experiment (Expt. RR3) where the sections (-N)
were pretreated with the red and far red treatments and then 
subsequently grown in darkness or in red light, the results 
agree with those of Schneider*s (1941) in so far as the fact 
that the inhibitory effect of red light on the growth of the 
sections could be demonstrated. The data here, however, showed 
that, the inhibitory effect of red light increases with 
increasing concentrations of lAA up to 10 mg./I. whereas 
Schneider*s results showed that the amount of inhibition was 
the same in the presence of various concentrations of lAA.
The GA response of the sections was,however, inhibited by 
red light to a more or less equal extent at the various 
concentrations used. Far red light pretreatment given to the 
seedling did not prevent the inhibitory effect of the subsequent 
longer period of red light treatment during the incubation of 
the sections both in the presence and absence of growth 
substances.
r T'- '
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CHAPTER V
The- Influence of Red Light on the Responses 
of Intact Avena Seedlings to GA
Much of the early work on the light sensitivity of 
the Avena seedling have been conducted with a view to find 
a relationship between the light reaction and auxin action 
(Van Overbeek, 1936; Inge and Loomis, 1937; Araki and Hamada,
1937; Johns ton, 1937; Goodwin, 1941). However, with the recent 
discovery of the gibberellins, quite a number of investigations 
on the effects of gibberellic acid in relation to red light 
inhibitions of.the the growth of various plants have been 
reported (Lockhart, 1957a, 1957b; 1958a, 1958b; Lockhart and 
Gottschall, 1958; Vlitos and Meudt, 1957b, Downs et al, 1957).
No report on the effect of the influence of light on the Avena 
seedling in relation to GA has appeared. The following 
experiments were carried out to investigate whether there was 
any possible relationship between the effect of red light on 
the growth of the Avena seedling and GA treatment.
Only four experiments have been carried out. The 
procedure of the experiments was described in Chapter II (p. (y ). 
The red light source used here was similar to that described 
for the experiments reported in the previous Chapter. The 
seedlings were at a distance of 60 cm. from the red fluorescent 
tubes•
Fig’s. 43, 44, 45, 46, 47 and 48 show the results of 
two experiments. The treatments given to these two experiments 
were identical except that in the second experiment, the grains
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Fig. 43. Effect of red light at different ages on the 
growth of the first internode of Intact Avena 
seedling.
(Expt. 1.)
Arrows indicate the time of light treatment and 
GA application.
Each point is the mean of 20 plants
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were soaked in the dark before sowing. It was thought that 
if the grains were soaked in the light as was done in the 
first experiment, there may have been some effect of the light 
during the soaking period. Hwv/'ever, it was found that this had 
very little effect, the results of the two experiments were 
very similar. Only three parts of the Avena shoot were measured,
—  first internode, coleoptile and the first leaf.  Each part
of the shoot is an organ of limited growth and they all gave 
the typical sigmoid growth curves. The red light exposure and 
GA (1 mg./I) were given at the same time, starting at the day 
of sowing, one day after sowing, two days after sowing and 
three days after sowing (indicated by arrows in the graphs). 
Therefore there were altogether four different treatments.
The red light treatment was given to the seedlings throughout" 
the whole of the experimental period, i.e. continuous red light, 
starting from the various stages of development of the seedlings 
mentioned above.
Fig. 43, 44 show the results of the elongation of the 
first internode under the red light treatments. It can be seen 
that the red light treatments commenced on the dày^ôf_sowing 
and one.day after sowing had completely suppressed the grdwth 
of the first internode, this is in agreement with the results 
of Goodwin (1941), and of Thomson (1950), who found that 
the first internode grown under continuous light never attained 
a length of more than 1 mm. At two days, the red light inhibition 
was still considerable although less so than at the day of sowing
and at one day. At three days, the red light inhibition was
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was less severe, about 50 to 70^ of the dark controls. The 
GA treatment given to both?the dark grown and the red grown 
seedlings did not have any significant effect on the elongation 
of the first internode when compared with the corresponding 
controls in each case. It is also clear that GA at the doae^ 
applied had no effect in reversing the inhibition of the first 
internode by red light.
Fig. 45 and 46 show the results of the coleoptile. In 
general, the results were somewhat similar to those of the 
first internode. Red light treatment given at the day of sowing 
and at one day almost completely inhibited the elongation of 
the coleoptile. This result is rather unusual in that other 
workers who had found inhibition of the coleoptile by red light, 
the magnitude of the inhibition was much less than that found 
here (Hamada, 1931; Avery et al, 1937; Weintraub and Price, 1947; 
Thomson, 1950). The results here did not reveal any accelerating 
effect of red light during the early stages of growth of the 
seedling (2 —  & days) which was found by Thomson (1950). It 
should be mentioned, however, that Thomson(1950) used white 
light. It may be that the coleoptile could be affected in 
opposite ways according to the kind of red light it received.
The red light inhibition of the coleoptiles here, like that 
of the first internodes, was not reversed by GA. GA also had 
no effect on the growth of the coleoptiles whether in darkness 
or in red light.
The results of the first leaf (Fig. 47, 48) show an 
inhibition of the elongation of the first leaf by red light.
Fig. 47. Effect of red light at different ages on 
the growth of the first leaf of intact 
Avena seedling.
(Expt. 1) Arrows indicate time of light 
treatment and GA application.
Vertical lines denote the standard error. 
Each point is the mean of 20 plants.
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This is. not in agreement with the data of Thomson (1950) who
found that white light accelerated the growth of the first leaf.
In the experiments here, red light treatment given on the day
of sowing and on one day after sowing almost completely
inhibited the elongation of the first leaf. This was to be
expected as the coleoptiles were completely suppressed under
similar treatmeAts. Red light treatment given at two days and ât:
three days also inhibited the growth of the first leaf but
to a lesser extent. The GA treatment given to the seedlings
exposed to red light at the day of sowing and at one day did not:
reverse the inhibitory action of red light at all. When given
to the seedlings exposed to red light at two days, GA did
significantly ieversed the inhibition, although only partially,
In the case of the seedlings exposed at the third day, GA
did not quite significantly reverse the inhibitory action of
red light. GA given at the day of sowing did significantly
increase the elongation of the first leaf of the seedlings
grown in the dark, more so in the second experiment, (Fig.48).
When applied at one day after sowing, GA did not significantly
affect the elongation of the first leaf in Expt. 1 (Fig.47);
in Expt. % (Fig. 48) GA only just significantly increased the
growth of the first leaf. GA applied on two days after sowing
significantly increased the growth of the first leaf, very
significant in Expt. 2 (Fig. 48). However, when applied on
the third day, it had no significant effect on the growth of
the first leaf at all. Thus, the application of GA can 
algnificantly increase the elongation of the first leaf of
■ ■■•a
Fig. 48. Effect of red light at different ages, on the 
growth of the first leaf of intact Avena 
'seedling.
(Expt. 2) Arrows indicate time of light treàtment 
and GA application.
Vertical lines denote the standard error.
Each point is the mean of 2 0  plants.
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intact Avena seedlings grown either in darkness or in red light 
depending on the stage of development of the seedlings at which 
the GA application and red light treatment were given. Applica­
tion of GA at the early stages (before the third day after 
sowing) appears to" be more effective.
In the third experiment, seedlings at one day, two days., 
and three days,after sowing were exposed to the red light: for 
24 hours, after this time, the seedlings were returned to 
darkness for the rest of the experimental period. GA was given 
to the seedlings at the same time as the start of the red light, 
treatment, (indicated by the arrows in the graphs). Fig. 49 
shows the results of the first internode. It can be seen that 
red light given on one day after sowing had inhibited the growth 
of the first internode almost completely. On two days after 
sowing, the inhibitory effect of red light was still very 
considerable^ However, when given on the third day after sowing, 
the inhibition by red light was much less, only about 30% of 
the dark control. Here again GA had no significant effect on 
the growth of the first internode of the seedlings grown either 
in the dark or in red light. The results for the coleoptile 
d/se given in Fig. 50, the red light treatment given on the first 
day after sowing increased the elongation of the coleoptile 
and the final length attained was significantly greater than 
that of the dark control. Red light treatment given on the second 
day after sowing did show a slight but perceptible accelerating 
effect on the coleoptile at the early stages but the final 
length was not significantly different from that of the dark
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Fig. 49. Effect of red light at different ages on the 
growth of the first internode of intact Avena 
seedling.
(Expt. 3)
Arrows indicate time of light treatment and GA 
application.
Each point is the mean of 20 plants
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control. GA again had no significant effect on the growth of the
coleoptiles in these two treatments. When given on the third
day after sowing, the red light treatment gave a very slight:
but perceptible stimulating effect on the coleoptile at the
early stage but the final length of the coleôptile was
significantly inhibited. GA had no effect on the growth of the
coleoptiles either in darkness or in red light here. The results
obtained in this experiment confirm/ the observations of
Thomson (1951) in that early exposure to light accelerates
elongation, later exposure decreased the final length, and
intermediate exposures had a smaller degree of both effects.
The final effect of red light appears to depend on the stage of
development of the organ at the time of the light exposure.
Fig. 51 and 52 show the results of the first leaf. Red
light treatment here had significantly increased the elongation
of the first leaf at one day and three day exposure but not
at two day exposure. GA treatment had significantly increased
further the elongation of the first leaf in all three cases,
in the seedlings given red light treatment. GA, however, did
not significantly affect the first leaf of the dark grown
seedlings in this experiment. Thus it can be seen that the
GA had a greater effect on the first leaf of the seedlings 
light
given the red/ïreatment under the conditions/ in this experiment.
In the fourth experiment, seedlings at one day, two
days and three days after sowing were exposed to red light for
one hour only and then returned to darkness. GA was applied at 
the same time as tha light treatment in each case. Fig. 53 shows-
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51.. Effect of red light at different ages on the growth
of the first leaf of intact Avena seadling. 
(Expt. 3)
Arrows indicate time of light treatments and 
GA application.
Vertical lines denote standard error.
Each point is the mean of 20 plants.
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of the first leaf of intact Avefaa seedling.
(Expt. 3)
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Fig. 53. Effect of red light at different ages on the 
growth of the coleootile of intact Avena 
seedling.
(Expt.. 4)
Arrows indicate time of light treatments and 
GA application.
Each point is the mean of 2 0 plants
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the results of the first internode. The red light treatment 
had significantly inhibited the growth of the first internodes 
in all cases, but the magnitude of inhibition here was 
considerable less than that of the corresponding cases in the 
previous three experiments. The GA treatment here again had 
no significant effect on the growth of the first internode 
of the seedlings grown either in darkness or in red light.
The results of the coleoptile. are shown in Fig.54. When given 
on the first and second day after sowing, the red light: 
treatment here did not have any significant effect on the 
growth of the coleoptile, the GA treatment also had no effect. 
When red light treatment was given at the third day, it 
significantly reduced the growth of the coleoptile but there 
was also a very slight but perceptible stimulating effect of 
red light at the early stage. The results here may be explained 
by considering that at the first and second day, the coleoptile 
was at a stage just before the period of rapid elongation, and 
when red light was given at these times plus the fact that 
the duration of exposure was only one hour, the red light had 
little effect on shortening the period of elongation and hence 
the final lengths of the coleoptiles were not significantly 
different from that of the controls. At the third day, however, 
the coleoptile was well in the period of rapid elongation, and 
the red Igght treatment, even of one hour duration, had 
significantly reduced the duration of the period of rapid
elongation and hence consequently the final length of the 
coleootile was less, than the control. This effect of light
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Fig. 54•.Effect of red light at different ages on the 
growth of the coleoptilar of intact Avena 
seedling•
(Expt# 4}
Arrows indicate time of light treatment and GA 
application.
Each point is the mean of 20 plants#
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on the duration of the period of rapid elongation has also been 
observed by Thomson (1950, 1051). In this experiment, the data 
for the first leaf have not been recorded.
The data obtained in the experiments above are in 
general similar to the observations made by previous workers, 
(Avery et al, 1937; Weintraub and Price, 1947; Goodwin, 1941; 
Thomson, 1950, 1951), except that here no accelerating effect 
of red light on the growth of the coleoptile during the early 
stages was found when the seedlings were exposed to continuous 
red light, and that the continuous red light treatment commenced 
on the day of and one day after sowing had completely inhibited 
the growth of the coleoptile and of the first leaf under the 
conditions used here. Further, the continuous light treatment 
given on the second and third day after sowing had no stimulatory 
effect on the growth of the first leaf at all.
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CHAPTER VI
Resnonses of Avena First Leaf Base Sections to Auxin, 
Glbberelllc Acid, and other Growth Regulators^
The effects of GA on leaf growth is perhaps less 
well studied than is the case with stem growth. However, 
comparatively few reports have appeared on the effects of GA 
on the growth of Avena first leaf sections, (Nitsch, 1958, 1959; 
Harada and Nitsch, 1959). Hayashi and Murakami (1954, 1958) 
have used the fift|ii foliage leaf of Avena when the leaf was 
about 15 cm. long, they found that sections cut from such 
leaves could be promoted by both lAA and GA. Radley (1958) 
using sections cut from four day old wheat seedlings has 
obtained similar results and that lAA and GA may sometimes 
be synergistic in their actions on such leaf sections. At the 
time that the experiments with Avena first leaf sections to 
be reported in this chapter were contemplated, a report by 
Van Overbeek arid Dowding (1959) appeared in which they found 
that sections cut from the leaf base region of Avena seedlings 
including the coleoptilar node were promoted by GA and inhibited 
by lAA. It was decided to use a method modified from that used 
by Van Overbeek and Dowding (1959) to investigate more 
thoroughly the interactions between GA and lAA on the growth 
of Avena Eirst leaf sections.
(i) The Effects of lAA and GA on the Mean Extension Growth 
of Avena First Leaf Base Sections-.
The general procedure for the Avena first leaf base 
section test has been desccibed in Chapter II (p.<^/).
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Preliminary experiments were carried out with a view to, 
repeat the results of Van Overbeek and Dowding (1959).
Initially, a series of experiments were done with Avena first 
leaf base sections: (initial length of 5 mm.) cut at the base 
of the coleoptilar node from 3 day old seedlings grown in the 
dark. Various types of containers were used to incubate the 
sections. They were: 1 inch by 1 inch glass vial with 1 ml. 
test solution, 3 cm. solid watch glass with 2 ml. test solution, 
5 cm. small Petri dish with 2 ml. test solution, and 9 cm. 
large, Petri dish with 5 ml. test solution.
The results are shown in Table 58. It is quite clear 
that both lAA and GA at the range of concentrations used did 
not have any significant stimulatory action on the. growth of 
the first leaf base sections at all. At certain concentrations, 
of both lAA and GA, the growth of the sections was significantly 
reduced. However, it was found that the 9 cm. large Petri dish 
was the most suitable container for use in this test, and 
therefore, in all subsequent experiments, only the 9 cm. Petri 
dish with 5 ml. test solution was used.
Measurements made on the coleoptiles of these first 
leaf base sections in these experiments (Table 59) show that 
the growth of the coleoptiles was significantly promoted by 
both lAA and GA at certain of the concentrations used although 
the results were wather erratic.
At first sight, the results obtained above seemed to 
indicate a failure to repeat the results of Van Overbeek and 
Dowding (1959). However, after a closer look at the literature
2TABLE 58
The Effects of lAA and GA on the Mean Extension
Growth (mroV! of Avena First Leaf Base Seotions
EXDt. Tvd0 of
Concentration (ppm)
LSD
(P=0.05)
lAA Q Â
20^ Container.
a 1 Q m J. Q...Û1 A o m i
LB 1 v. Oi.92 0..10 Oil 3 0116 - 0.55 0123 0.29 0^37
IB. 2 : s.w.g. 1.01 0.35 1.00 0193 - 1.01 0.89 0.711 0i64
IB, 3S s.w.g. 0.66: Oi.35 0160 0.55 0.57 0148 0.32; 0.34
IB 4 , s.p.d. 1.64. Q1..76 Oi.76 1.05 - 1.18 1.06 1.24 1 .20
IB 5 1 • p . d.
1
1.89 U 0 9 1.51 1.04 - 0.83 1..70 1.33 0.57
IB 6 l.p.d. 0.94 0i57 0.73 0.39 - 0197 016& 0.61 0109
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf baae section (initial length 
of 5 mnk) was cut at the base of the coleoptilar node. Control 
medium was citric-phosphate buffer plus 2 %  sucrose ( p H = 5 ) i .  
Incubation period of 48 hours in the dark at 25°C. 
m  sections were cut from 3 day old dark grown seedlings.
V. denotes 1 inch glass vials with 1 ml. test solution, 
s.w.g. denotes 3 cm. solid watch glass with 2 m&. test solution,
s.p.d. denotes 5 cm. small Petri dish with 2ml. test solution,
l.p.d. denotes,9 cm. large Petri dish with 5 ml. test solution.
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TAp-LE m
The. Effttots of lA& and G& on the Mean Extension Growth
of- the Colei)Dtlles^ on the Avena First Leaf Base Sections;
Expt.
No.
Type Qf 
Gaatalnar
Concentration (nnm)
lAA m LSD
(P=0*05)
Ql 1 ükl 1 Û-J.
IB 1 V. 2.14 3.75 3^86 3.02 3*71 4.44 4.21 1.08
m  2 S.w.g. 3.24 4.18 3.29 2*99 3.73 2.28 2*09 QV73
IB 3 s.w.g. Or 93 ( i -t ,1 2*T4 2*22 1.7Î 1.00 1*33 1.85 0*73
IB 4 s .p. d. 5.70 3.38 2.83 3*73 2.73 3.14 0*68
IB 5 lup.d. 2.11: 6.44: 4.12 2.83 2.70 3.96 3.13 1.21(
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length 
of 5 mm.), was cut at the base of the coleoptilar node. All 
sections were cut from 3 day old dark grown seedlings.
Control medium was citric-phosphate buffer plus 2 % sucrose 
(pH=5). Incubation period of 48 hours in the dark at 25^C.
v. denotes 1 inch glass vial with 1 ml. test solution, 
s.w.g. denotes 3 cm. solid watch glass with 2 ml. test solution, 
s.p.d. denotes 5 cm. small Petri dish with 2 ml. test solution, 
l.p.d. denotes 9 cm. large Petri dish with 5 ml. test solution.
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in which stimulatory effects of GA on leaf section growth 
were reported, it was noted that in all cases, the leaf sections) 
employed were cut from seedlings, which were older than those 
used in the experiments described above. It was decided 
therefore to carry out further experiments using sections 
cut from seedlings, which were much older.
Tables 60 and 62, Fig’s 55 and 56 show the results 
of three experiments using first leaf base sections cut from 
5 day old dark grovm seedlings. Here it is quite obvious that 
the growth of the first leaf base sections were significantly 
promoted by all the GA treatments used, 10, 1, 0.1 and 0.01 mg/L. 
The log., dose-response curves were rather flat-topped, and 
the optimum concentration of GA appeared to be around 1 mg./I* 
(Fig’s.55, 56). lAA, on the other hand, either had no effect 
on the growth of the sections or did significantly inhibited 
the growth of the sections, (Expt. AL2 and 3). lAA also had 
an inhibitory effect on the GA response of the sections as 
shoTO in Expt. AL3 (Table 62, Fig. 56), although the lowest 
concentration of -ite-used 0.1 mg./1.xon this occasion did 
not seemed to have any effect on the GA response of the 
sections* Table 61 show the results of the effects of lAA and 
GA on the coleoptiles of the first leaf base sections in 
Experiments AL 1 and 2. It can be seen that neither lAA nor 
GA had any effect on the growth of the coleoptiles of these 
sections. The results here are quite in keeping with those 
of Van Overbeek and Dowding (1959) who also used sections cut 
from 5 day old seedlings.
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TABLE 60
The Effects of lAA and GA on the Mean Extension
Growth (mm> of Avena First Leaf Base Sections;
Expt.
E u . .
Concentration (ppm)
LSDm . m .
n 1 Û U 1Û 1 Û-J..
/
AL 1 5.31 
AL 2 5.22 2.93) 3#87 Z..7&, 8..97
11.98
11.70
10.20
11.35
9.98 2.88
1.66)
V cxa.i4.C7 - L o  V l i o  iU v 7 a .X i V J .  V W V  X  d U t : 7 0   ^ \ w d O i l  X  w ^ X X C c X ‘v /6  U X -
TO sections). Each first leaf base section (initial length of 
5 mm.) was cut at the base of the coleoptilar node. All 
sections were cut from 5 day old dark grown seedlings. Control 
medium was citric-phosphate buffer plus 2 %  sucrose (pH=5). 
Incubation period of 48 hours in the dark at 25°C.
TABLE 6-t
The Effects of lAA and GA on the Mean Extension Growth (mmY 
2f, the Cpleoptiles,.on the Avena First Leaf Base Sections,
gZ3)t'
M*.
Concentrate, çn (ppm)
m. GA
LSD
CP=0.05)a 1C 1 CW. 1C L oa CkCl
AL 1 
AL 2
0.56
0.06 0.21 Oi25 0.11 0.10
0.77
0.12
0.57
0V12'
0.56) 0.40
0.24
®^^^^^story notes same as given in Table above.
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TABLE 62
0
10)
1
The Effects of lAA and GA on the Mean Extension Growth
(mm) of Avena First Leaf Base Sections;
(Expriment AL 3;
ppm)
Concentration GA (ppm)
0 10 1 ovr
d\2V) 18.30 15.72
T.57 13.77; 14.42 15.22
7.30) 14.33: 1 5 . ^ 15.27
Least significant difference: T.29 (P=0.05). 
Explanatory notes as in Table
I 2 r -
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 ^ ic ^6
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(P=O 05)
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-1 0 +1 
Log. Cone, (ppm)
Fig. 55. The effec±s of lAA and GA on the mean
extension growth of Avena first leaf base 
seccions./
(Expt.. AL 2),
Explanatory notes as in Table 61
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^GA+lAA(10ppm)
-C
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Fig. 56. The effects of lAA and GA on the m e a n
extension growth of Avena first leaf base 
sections.
(Expt.. AL 3) C = control.
Explanatory notes as in Table 62.
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(2) T h e  I n f l u e n c e  of the Age of Seedlings from which Sectiona. 
w e r e  c u t  on the Responses of Avena First Leaf Base Sections 
to lAA and GA.
In view of the results above which suggest that the 
age of the seedlings from which the first leaf base sections 
were cut had a pronounced influence on the response of the 
sections to GA, further experiments were conducted with 
sections cut from seedlings of different ages.
Table 63 and Fig. 57 show the results of an experiment 
in which sections were cut from 3 , 4 , 5  and 6 day old dark 
grown seedlings respectively. The sections were cut at the 
base of the coleoptilar node. The 3 day old sections, as 
before were not affected by GA, lAA at the concentration used, 
10 mg./I. did significantly reduced the growth of the sections: 
from 3 day old seedlings. The growth of the sections from 
the 4,5, and 6 day old seedlings were all significantly 
promoted by GA at all the concentrations used, 1, 0.1 mg./I. 
lAA, on the other hand, had little effect on the growth of 
these sections except in the case of the 4 day old sections 
where it significantly reduced their growth. The presence of 
lAA significantly reduced the GA response of the 4, 5, and 6 
day old sections. In the case of the 3 day old sections, 
there was no significant interaction between lAA and GA.
Table 64, Fig*s 58, 59 show the results of another 
experiment/ similar to the one described above. The results 
are in general similar to that of the previous experiment
except that here, significant reduction of the growth of
the 3 day old sections was obfeMned with all the concentrations
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TABLE 63,
The Influence of the Age of Seedlings", from which 
Sections were cut on the,Responses of Avena 
First Leaf Base Sections to lAA and GA
Agg
(days)
Cone. Concentration GA (nnm)
(P=0.05);
% ) 0 1 0). 1
3 0 2.20 2.03: 2.10 Q:.-56
• 10 1$43 1.96- 1.52
4 0) 3.18 9.22 5..70 Q,64
10 2.48 3.25 3.05
5 0 4.68 20.10 14.60 1.06
10' 6#42 10.58 11.52
& a 7.22 14.72, 21.37 2.88
10 6.05 12.02 13.62
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial Inegth 
of 5 mm.) was cut at the base of the coleoptilar node. 
Control medium was citric-phosphate buffer plus 2 %  sucrose 
(pH=5). Incubation period of 48 hours in the dark at 25^0.
:  2 8
-♦GA only 
-oGA +I0ppm lAA
20
LSD
ElO
I  LSD
v ? C
Fig. 57. The influence of the age of seedlings fiiom 
which sections were cut on the responses of 
of Avena first leaf base sections to lAA and GA.
Explanatory notes as in Table 63
C = control. 
LSD (P = 0 .0 5 )
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TABLE 64
The In f lu e n c e  o f the  Age o f Seedlings: from  which  
S e c tio n s .y e re  e u t ;pel th e  Responses, o f Avene 
F i r s t  L e a f Base S ection s  to  lAA and GA
M e  ^
(days)
S am *  
W  .
Cppm)
C o n cen tra tio n  GA (nnm) LSD
(P=0»05)
0 1 O il: OyOl
0 3 .4 3 1 .30 2*59 2 .81
S 1 0 . Î .9 6 2 .0 7 1 .9 0 1 .1 3 0 .4 0
i: 2..71 2^.16 1i.63 2.06:
0 3 .5 3 : 7 .2 5 6 .9 3 6 .7 8
4 to 2.61; 3 .3 3 2..47 2 .1 7 1 .32
Ti 3.,33) 3 .6 5 4 .2 3 3 .3 3
0 4 .1 7 9*26. a . 79 6 .7 0
5 1 0 2 .4 7 5 .1 0 4 .9 0 4*26 2 . 1 1
1 3 .2 3 5 .7 6 3*99 4 .8 3
6 0
1 0
1
5 .3 9
4.J95
4 .2 0
10 .97
____
10.30 11.53 2 .3 7
E x p la n a to ry  n o te s ,as  in  T ab le  63 .
2  3 0
o15<
çE LSD
LSD
LSD
IL S D
Fig.. 58. The influence of the aisre of seedlings 
r_rom which sections, on the
responses of Avena first leaf base secticn 
■ to GA.
Explanatory notes as in Table 64. 
C = control.
LSD (P=0.05).
6 <
1 4< 
2<
O
^ ok
LSD
LSD
ILSD
E ig .. 59. The Influence of the ape of seedlings from which 
sections were cut on the response of bhe ' 
Avena first leaf base sections to lAA.
E x p la n a to ry  notes as in  Table 64.
C = control.
LSD (P«K)..05).
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of GA used. The same was also true with lAA in the case of 
the 3 day old sections.
Table 65 and Fig. 60 show the growth of the coleoptilea 
of the 3, 4 and 5 day old first leaf base sections of the 
experiment above, (Table 64). In the case of the 3 day old 
sections, both lAA and GA alone had significant stimulatory 
action on the sections (Fig.60). There was no significant 
interaction between lAA and GA. With the 4 and 5 day old 
sections, GA at all the concentrations used had no effect in 
both cases. lAA had a slight stimulatory effect on the 
coleoptiles of the 4 day old sections at both the concentrations 
used; in the case of the 5 day old sections, it was significant 
at the higher concentration only. There was a slight significant 
synergism between lAA and GA on the coleoptiles of the 4 day 
old sections at two combinations of the two substances used, 
(Table 65).
It can therefore be noted that the age of the seedlings 
from which the first leaf sections were cut does have a 
prominent effect on the response of the sections to GA.
Sections cut from young seedlings, 3 day old, were not 
responsive to GA, but sections cut from seedlings of increasing 
age become more responsive to GA reaching an optimum with 
5 or 6 day old seedlings. lAA, on the other hand, either 
has no effect or has an inhibitory effect on the growth 
of the first leaf base sections irrespective of the age 
of the seedlings from which the sections were cut. The 
coleoptiles on these first leaf base sections responded
TABLE 65
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Thft In flu e n c e  o f  the Age o f Seedlings from which Sections, 
were cu t on the Responses, o f  the C o le o p tile s  on the  
Avena F i r s t  Leaf Base S ections to  lAA and GA
M e
(days)
Gone. C o n cen tra tio n  GA (nom) LSD
K P = 0.05 )I M
(ppm>) & 1 a * !
0 2 .0 3 4 .1 6 3 .9 8 3 .6 4
& 1 0 ; 5 .1 0 6 .5 6 6 .5 2 6 .16 0 .96 ,
1i 3 .2 0 5 .4 9 4 .4 3 3.71
Q) 0 .3 6 0 .5 3 0 .4 0 0 .3 3
4 10 0*93 i:.46 1.95 1 .52 0 .5 2
1 0 . 8 6 1 . 0 2 0 .6 7 0^92.
0 o;69 0 .5 6 0 .5 6 1 .0 &
5 1 0 1 .63 1#26 t . 6 6 . 1 .65 0 .7 8
1 1 . 1 0 m o 0 .7 6 1.16
E xp lan ato ry  notes as in  Table: 63.
i ^
<  IL 3 DE
E
ILSD,
3  G
Fig# 60. The influence of the age of seedlings from which
SB.cf:inn&_ were cu.t. D n  the,rnspons^, of the coleoptile 
on, ti:e Avena first leaf hase sections to lAA and 
QA.»
Explanatory notes as in Table 65.
C = control.
LSD (P=0.05)).
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s ig n i f ic a n t ly  to  GA when the sec tio n s  were cu t from 3 day 
o ld  s e e d lin g s , b u t th is  GA response d isappears as the age 
o f the seed lin g s  from  which the sec tio n s  were cu t in c re a s e s . 
lAA has a -h ig h ly  s i g n i f i c a n t i f  e f f e c t  on the c o le o p t i le s  o f  
the  3  day o ld  s e c tio n s , and th is  s tim u la to ry  e f f e c t  p e rs is ts  
in  the case o f the o ld e r  sec tio n s  as w e l l  a lthough  the  
m agnitude o f the response decreases w ith  in c re a s in g  age.
T Af l  always reduced the response o f the f i r s t  l e a f  base se c tio n s  
to  GA. I t  seems th e re fo re  th a t  the ac tio n s  o f lAA and GA 
are  q u ite  d i f f e r e n t  on the growth o f th e  f i r s t  le a f  base 
s e c tio n s .
(3 )  The a f f e c t  o f  the In c lu s io n  o f  p a r t  o f  the  F i r s t  In te rn o d e  
in  the Avena F i r s t  Leaf Base S ections on the Responses o f  
the S ections to  lAA and GA.
I t  may be observed th a t  the Avena f i r s t  l e a f  base 
sectio n s  used in  the experim ents above, were cut a t  the base 
o f the c o le o p t i la r  node, th e re fo re *, the sec tio n s  were e n t i r e ly  
separated  from  the f i r s t  in te rn o d e . I t  was thought th a t 's in c e  
the 4W- c o le o p t i le  and the f i r s t  in te rn o d e  o f the Avena 
s e ed lin g  on the in t a c t  shook u s u a lly  show a sequence o f 
c o -o rd in a te d  grow th , the in c lu s io n  o f p a r t  o f the f i r s t  
in te rn o d e  on the f i r s t  le a f  base s e c tio n  may have an e f fe c t  
on the response o f  the sec tio n s  to GA, p a r t ic u la r ly  those  
cu t from  3 day o ld  s e e d lin g s . Experim ents were th e re fo re  
c a rr ie d  out to  in v e s t ig a te  th is  q u e s tio n .
I n i t i a l l y ,  two exp erim en ts , ML 1 and ML 2 were
c a r r ie d  out using sec tio n s  c u t from 3  day o ld  dark  grown
2 3 6  >
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s e e d lin g s . F iv e  d i f f e r e n t  types o f sectio ns  were employed: 
a l l  the sectio ns have 5 mm. o f the c o le o p t i le  p lus the f i r s t  
l e a f  l e a f t  in ta c t  in  i t  s ta r t in g  from the base o f the c o le o p t i la r  
node, the d if fe re n c e s  between the sections were the d i f f e r e n t  
len g th s  o f the f i r s t  in te rn o d e  added to th is  5 mm. f i r s t  le a f  
base s e c tio n . The f i r s t  type had no f i r s t  in te rn o d e  added 
to  the s e c tio n  a t  a l l ,  the second had 1 mm. o f the f i r s t  
in te rn o d e  inc lu d ed  a t the base o f the c o le o p t i la r  node, the  
th ir d  had 2  mm. o f f i r s t  In  te r  node in c lu d e d , the fo u r th  had 
3 mm., and the f i f t h  had 4 mm.
The re s u lts  are shown in  Tables 6 6  and 6 7 ’, and F ig .  61 .
The sectio ns  w ith o u t any f i r s t  in te rn o d e  inc lu d ed  were e ith e r
not a ffe c te d  by both  lAA and GA alone. (T ab le  67 , F ig .  6 1 ) ,  or
were s ig n i f ic a n t ly  in h ib ite d  by lAA and GA as was the case
in  E xp t. ML 1 (T ab le  6 6 ) .  The sectio ns  w ith  1 mm. o f f i r s t
in te rn o d e  in c lu d ed  s t i l l  d id  not show any s ig n i f ic a n t  response
to  GA in  E x p t. ML 1 (Tab le  6 6 ) ,  b u t in  E x p t. ML 2 , they had
begun to show a s l ig h t  but s ig n i f ic a n t  response to GA a t  O.lmg./L.
(T ab le  67 , F ig .  6 1 ) .  From th is  p o in t onwards, w ith  in c re a s in g
lengths o f f i r s t  in te rn o d e  in c lu d e d , the GA responses o f the
sections increased  and reached an optimum w ith , the sections
cut w ith  4 mm. o f  f i r s t  in te rn o d e  in c lu d e d . This was. found
in  both experim ents. lAA, on the o th e r hand,hhhd l i t t l e  e f fe c t
on the growth o f a l l  the d i f f e r e n t  types o f sectio ns  as can
be seen in  E x p t. ML 1 (T ab le  6 6 i ) . In  E x p t. ML 2  ( fa b le  67 ,
F ig .  61) the growth o f the sectio ns w ith  the va rio us  lengths  
o f f i r s t  in te rn o d e  in c lu d ed  was s ig n i f ic a n t ly  reduced by lAA.
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TABLE 66
The Influfirip.e of the In c lu s io n  o f  D i f fe r e n t  Lengths o f the  
First Internnde In the Avena F i r s t  Leaf Base Sections on 
the Resnonses o f such S ections to._IAA and GA 
(Experim ent ML 1)
Laii&ibh o f C o n cen tra tio n  (nom)
F i r s t
In te rn o d e
in c lu d e d .
(mm)
lAA GA
(P -0 .0 5 )
a 1 O.Oli 1 o a QjQl.
# 0 1.841 o ;b 6 1.72 1.06 1.74 1 .51 1.49 0 .2 5
+1 2V61 2 .0 6 1 .9 2 : 1.60 2 .2 3 2 .3 0 2 .38 0 .8 0
+ 2 2 .5 1 2 .5 4 . 2.51 2.^36 2 .6 7 3 .3 7 3 .46 0 . 33
3 .6 7 3 .4 2 3 .2 9 3 .6 7 7 .57 7 .7 0 4 .9 9 0 . 6 8
+4 3 .7 7 3 .30 ) 3 .8 1 3 .4 4 11 .14 10.24 6 .7 3 1 .43
Each v a lu e  is  the mean ex ten s io n  (mm) o f two r e p l ic a te s ,  (each  
r e p l ic a te  o f 10 s e c tio n s )'. Each f i r s t  le a f  base s e c tio n  ( i n t i a l  
le n g th  o f 5 mm.) was c u t w ith  d i f f e r e n t  lengths o f the f i r s t  
in te rn o d e  inc lu d ed  as in d ic a te d . A l l  sectio ns  were cu t from  
3 day o ld  seed lings grown in  the d a rk . C o n tro l medium was 
c itr ic -p h o s p h a te  b u f fe r  p lus sucrose (pH=5 ) .  In c u b a tio n  
p e rio d  o f 48 hours in  the dark a t  25°C .
+0 — 5 mm. f i r s t  l e a f  base s e c tio n  w ith  no f i r s t  in te rn o d e .
+1  = 5 mm. " " " " " 1 mm. f i r s t  in te rn o d e .
+2 = 5 mm. " g; mm. " •*
+3 = 5 mm. " " " » 3  mm. » »
+4. = 5 mm. " " '» '» it 4  mm. "
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TABLE
The In flu e n c e  o f t he In c lu s io n  o f  D i f fe r e n t  Lengths o f the  
F i r s t  In te rn o d e  in  the Avena F i r s t  Leaf Base S ections on 
the Responses.of such S ections to  lAA and GA 
(Experim ent ML 2 )
Lenglh o f
m s t
(mm)
C o n cen tra tio n  (ppm)
I M G& LSD■/Di—A AK ^
Û JÛ. 1 &LL 1 SLtl a a i
Vr~U.UO/
+ 0 3.51 2 .5 7 3..01 2 .3 6 3 .5 7 3.1,7 3 .4 6 1.61
+1 4 .9 3 3 .2 0 3 .9 8 4 .26 , 5 .6 5 5.91: 3 .98 0 .0 5
+ 2 5.41 2 .8 9 3 .7 3 4 .3 0 6 .71 6 .3 4 7 .25 1 .23
+3 5 .2 6 3 .4 2 . 3 .3 7 5 .0 3 9 .5 0 5.,95 6 .5 0 1.08
+4 7 .6 4 2 .5 8 3 .7 # 5 .8 0 12.55 11.57 9 .05  > 1.61
E xp lan ato ry  notes as in  Tab le  §&..
0 <  *3
» I
ok ''^ " ’ 0^3
* N , - d t
"■ %Tj.ss;T!:\z ^iiKrgt
(E xp t. ML 2 )  
E xp lan ato ry  notes as in  Table 67.
C = c o n tro l.
LSD (P =0 ..05 ).
•Tables 6 8  and 69 and F ig . 62 show the re s u lts  o f  
the growth o f the c o le o p tile s  on the f i r s t  le a f  base sections  
used in  the experim ents above, ML 1 and ML 2 . I t  can be seen 
th a t  both  lAA and 'GA alone s ig n i f ic a n t ly  promoted the growth  
o f the c o le o p tile s  o f a l l  the f iv e  types o f sections used, 
more r e g u la r ly  in  experim ent ML 2  (F ig .  6 2 ) .  The m agnitude  
o f the s t im u la t io n  was more or les s  un iform  fo r  a l l  the  
f iv e  types o f s e c tio n s , a t the re s p e c tiv e  concen tra tion s  used.
Tab le 70 show the re s u lts  o f the growth o f the d i f f e r e n t  
lengths o f the f i r s t  in te rn o d e  in c lu d ed  in  the f iv e  types 
o f sectio ns  used in  the presence o f lAA and GA. Of course, 
h ere , o n ly  the f i r s t  in te rn od e, is  considered and th e re fo re  
th e re  were o n ly  fo u r  d i f f e r e n t  types , s ince the f i r s t  type  
o f f i r s t  le a f  base sectio ns  contained no f i r s t  in te rn o d e .
The 1 mm. o f f i r s t  in te rn o d e  responded v e ry  l i t t l e  to  e ith e r /  
lAA or GA a lo n e , a lthough s ig n if ic a n t  s t im u la t io n  was obtained, 
w ith  these sectio ns  a t  1 m g . / I .  lAA and a t 0.01 m g . / I .  GA in  
E xpt. ML 1 . I t  can be seen th a t as the o r ig in a l  le n g th  o f  
the f i r s t  in te rn o d e  increases from 2 mm. to 4 ram. the responses 
o f the f i r s t  in te rn o d e  to  lAA and GA a lso  increase  reaching  
an optimum w ith  the 4 ram. type o f f i r s t  in te rn o d e . The responses 
o f the 3mm. and 4ram. f i r s t  in ternodes to  GA were q u ite  la r g e ,  
alm ost as la rg e  as those induced by lAA as can be seen in  
E xpt. ML 1. These re s u lts  here confirm  those ob ta ined  in  Chapter 
I I I  where f i r s t  in ternode, sectio ns w ith  the c o le o p t i la r  node 
in c lu d ed  were used, in  th a t f i r s t  in te rn o d e  sectio ns w ith  
the  c o le o p t i la r  node in c lu d ed  gave co n siderab le  response to GA.
TABLE 68
2 n  1 ,.:.3
Ih e  In f lu e n c e  o f the In c lu s io n  o f  Di f f e r e n t  Lengths o f th e  
F i r s t  In te rn o d e  in  the Avena F i r s t  L ea f Base S ections on 
the  Responses o f the C o le o p tile s  on such S ections to
lAA and GA
Length o f  
F i r s t
(Experim ent ML 1 ).
LSD
(P =0W 5)
C o n cen tra tio n  (ppm)
In te rn o d e
in c lu d e d .
U k S4.
Jmm) Q. 1 o a ShDl 1 Qjtni
-R)..... . . ■ r .5 0 4 .9 8 3 .5 9 3 .8 4 2 .5 3 3 .2 7 3 .08 1.08
+1 2 .3 7 5 .0 5 4 ..6 8 : 3 .2 2 2 .9 3 3 .1 2 2.76) QL70)
+ 2 1.97 5 .1 7 5 .6 7 2 .9 5 3.-21 3..76 3 .1 0 1.37
+a 3 .8 8 5 .1 7 5 .9 7 2.08: 3.81 3.86: 3 .6 2 0 .8 5
+4 2 . 1 0 5 .0 6 ) 4 .9 7 / 3.32: 3 .98 4.D5) 3 .0 5 1.28
E x p lan a to ry  notes as in  Tab le  6 6 .
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TABLE 69.
The In flu e n c e  o f the In c lu s ion o f D i f fe r e n t  Lengths o f the  
F i r s t  In te rn o d e  in  the Avena F i r s t  Leaf Base S ections on 
the Responses o f the C o le o p tile s  on such Sections to
lAA and GA 
(Experim ent ML 2 )
Length o f C o n cen tra tio n  (nnm)
F i r s t
In te rn o d e
in c lu d ed
(mm)
I M GA
(P =0 .05)
d la . 1 Û-J. 1 0. 1 0 . 0 1
40 3 .4 5 5 .8 7 4 .8 5 2 .8 7 5 .3 4 5 .7 0 5 .3 7 1 . 2 2
+1 2 .4 5 6 .5 3 5 .8 0 3 .4 3 4 .1 0 4 .2 5 3.71 1#27
4-2 2.811 6 .0 8 5 .5 7 3 .3 0 4.81 4 .7 2 4 .7 0 0&81
+3 2 . 8 8 6 .6 7 4 .8 5 3 .9 2 4 .4 5 4 .1 2 4 .5 0 0 % 6 8
4-4 2 .2 7 5 .8 2 5 .8 4 2 .8 3 3 .4 9 4 .7 3 4 .0 0 0 ;8 0
E x p lan a to ry  notes as in  Table 6 6 .
^  r-TTK,. t
' -4^  ; 1 T  1 T .
LSD (P=0.05)
Fig, 62. The influence of the inclusion of different lengths 
of first internode in the sections on the growth of 
the coleoptiles on the Avena first leaf baae
âectirons in lAA and GA^ C = control.
Explanatory notes as in Table 69. (Expt. ML 2)
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TABLE. 70.
The Effëots of lAA and GA on the Mean Extension rtmyth (mryV.
of the Different Lengths of First Internode Included
In the Avena First Leaf Base Sections
Experim ent ML 1
Length o f
Fj^rst
In te rn o d e
In c lu d ed
%(mm)
C o n cen tra tio n  (nnm)
IM GA LSDYp—A AK\
0 1 Oil 1 0 *1 . 0 . 0 1
—'V . VU /
+1 0 .9 7 2 .1 5 1.31 0.91 1.17 1.25 1 .43 0 .3 9
+ 2 0 .5 9 2 .3 7 2 .5 3 1 .92 1 . 6 8 1.52 1.48 0 .9 4
+3 2 .7 7 3 .5 5 4 .7 8 4 .3 6 3 .0 2 3 .6 7 3 .4 4 0 .4 7
+4; 0 .2 7 7 .2 5 6 .2 3 5 .6 7 6.82: 7 .1 7 6.91 1 . 1 0
Exoerim ent ML 2
0 jO. L Okl 1 0 * 1 0 . 0 1
+1 0 .3 3 0 .8 5 0 . 8 6 0 .8 7 Oi. 6 8 0.81 0 .6 2 0 .5 9
+2 1 . 1 1 2 .6 3 2 .1 6 1.57 2 .7 5 2 .78 2 .3 7 1.39
+3 1 .6 4 . 4 .0 0 ; 2.71 2 .9 5 3.51 3 .0 0 3 .0 7 1 ..17
+4. 2 .2 4 6 .2 8 6 .5 5 3.51 3 .8 3 3 .9 5 3 .6 0 1. 0 1
Explanatory notes as in labile. 66.
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TABLE ?i
The Efgaets: of lAA and GA on the Mean Extension Growth (mmj
of the Avena First Leaf Base Sections cut with 5 mm. of
the First Internode included
Ms,
Cone. C o n cen tra tio n  GA (nom)
(P =0 .05 )1ÂA(ppm) Û. 1 u u
Û
1
o a
SLQl.
QXÛQâ
4 .2 5
3 .0 5
4 .0 6  
4 .4 7  
5 .8 3
8o46
4 .3 2
4 .5 8
3 .4 4
4 .4 3
8 .4 3
4.21
5.46:
5 .75
4 .0 0
6 .9 7
4 .5 2 '
6 .0 3
5 .1 7
4 .1 6
to29
0
JO
1
8 . 0 0
2 .7 5
5 .4 8
17.36
5 .7 5
4 .5 5
13.01
6 .33 ,
3 .30)
11.55
6 .0 3
3 .2 9
0 .8 9
J
W .:
Q j m
6 .9 0  
4 .4 8  
4 .9 8  
5 0.29
10.25
5 .97 ,
8 .9 8
7 .9 2
1 2 . 6 8 !
3 ,1 2
7 .7 5
6 .8 3
9 .9 4
4 .1 4
5 .38
7 .5 9
1.33
Each va lu e  is  the mean o f  two r e p l ic a te s ,  (each r e p l ic a te  o f  
10 s e c t io n s ) . Each f i r s t  l e a f  base s e c tio n  ( i n i t i a l  le n g th  
o f 5 mm.) was cu t w ith  5 mm. o f the f i r s t  in te rn o d e  in c lu d e d . 
jll sectio ns  were cu t from 3 day o ld  seed lings grown in  the
medium was c itr ic -p h o s p h a te  b u f fe r  p lus 2% sucrose 
tpH =5;. In c u b a tio n  p e rio d  o f 48 hours in  the dark a t  250C.
2 ' i i
O '"
irsu inter node innlugeci.
(E x p t. ML 3 )
E x p la n a to ry  notes as In  Tab le 7 1 . 
C = c o n tro l.
f
TAPLE 7.2.
Ihe Effects of lAA and GA on the Mean Extenalop Growth _(mm)
of the GoleoBtlle on the Avena First Leaf Base Sections
eat irlth 5 mm. of the First Interaode Included
E x n t. Cone.-
T A  A
C o n ce n tra tio n  GA (ddhi)
- T 8 n
T^m} 0 1 0 . 1 0 . 01 (P =0 .05),
0 3.47, 5 .8 2 6.71 5.71
1 6 .3 8 7.11 7.07/ 6-.89-
OsJi 5*13 5 .5 0 6 .1 7 5 .8 7 1 . 2 1
0.011 5 .7 8 4.81 5 .3 5 5 .3 6
0^001. 4..16 5 .9 6 5.41 4 .6 7
0 2 ..0 0 / 4 .'3 3 3..93 4.263
ML 4 JO- 5.75; 3 .7 5 - 4 .6 5 5 .2 7 1 1 .2 6 .
J- 4 .2 0 4 .9 7 6»97 4.6-1
E x p la n a to ry  notes as in  Tab le , 71
i ^
C i
Fig.. 64. The effects of lAA and GA on the mean extension 
growth or the coleoptile on the Avena leaf base
sections cut with 5 mm. of first internode 
" included.
(Expt. ML 3:)
Explanatory notes as in Table 72.
C = control.
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TABLE 7.3
The EfÆaets of lAA and GA on the Mean Extension Growth fmmV
or tpA s of First Inter node Included in the Avena
First Leaf Base Sections
E xpt. Cone. C o n c e n tra tio n  GA (nnm)
- LSD 
(P = 0 .0 5 )
No.. I M
(ppm).' 0 1 0 . 0 1
3 .1 0 63.95 6 .75 . 5 .1 5
1 7 .8 0 8 .3 0 8 .7 2 8 . 0 0
ML 3 O .j 6 .6 5 7.61 8 .9 3 8 .4 6 2..18
0 . 0 1 , 4 .97 / 6 .9 5 7 .3 8 6 .7 2
0 . 0 0 1 Î 3 .7 2 6.55- 5 ,4 3 4 .9 8
Ov 1.85 3 .2 7 3 .5 7 4 .4 3
ML 4 : m 5»63u 4 .1 2 5 .47 . 4 .7 4 1 .8 7
1 4 .9 9 6 .41 7 .0 6
1
6 .1 4
E x p la n a to ry  notes as in  T ab le  7 ,1,.
TLSD
J-(P=0
CG
Fig.. 65. The effects of lAA and GA on the mean extension 
(Expt. ML 3)
Explanatory notes as in Table 73.
C = control.
The results here also agree with that of Nitsch and Nitsch (1956) 
in so far as the fact that the 4 mm. first internode sections 
were most sensitive to lAA.
Three experiments, ML 3, 4 and 5 were carried out 
with first leaf base sections cut from 3 day old seedlings 
and with 5 mm. of the first internode included. Here, the 
sections were grown in either lAA or GA alone and also in 
mixtures of the two substances. The results are presented in 
Table 71 and Fig. 63. The first leaf base sections were 
significantly stimulated by GA at all the concentrations used 
in all the experiments. lAA, however, either had no effect 
(Expt. ML 3) or had an inhibitory action on the sections.
There was no synergism at all between lAA and GA on the growth 
of the sections in all the experiments, if anything, the 
presence of lAA usually significantly reduced the GA responses, 
of the sections.
Table 72 and Fig. 64 show the results of the growth 
of the coleoptiles on the first leaf base sections in two 
of the experiments described above (Expt*s. ML 3 and 4). Here, 
as before, the coleoptiles were promoted in their response 
to either lAA or GA. There was no significant interaction 
between lAA and GA in Expt. ML 3 (Fig. 64). In Expt. ML 4, 
the response of the coleoptiles to certain mixtures of lAA 
and GA was significantly less, than additive.
Table 73 and Fig. 65 show the growth of the first 
internode (5 mm.) included in the first leaf base sections 
in Expt* s. ML 3 and 4. In Expt. ML 3, the growth of^ f the
first internode was promoted by 1 and 0.1 mg./I. of lAA alone, 
and by 1 and 0.1 mg./I. of GA alone. In Expt. ML 4, the 
response of the sections to lAA was significant at 10 and 1 
mg./I., and to GA at only one concentration, 0.81 mg./I.
In both experiments, there was no significant interaction 
between lAà and GA on the growth ofjè the first internode.
Table 74 and 76 show the results of experiments in 
which first leaf base sections with 5 mm. of first internode 
included cut from seedlings of different ages,, 3 day old in 
Expt. ML 6, 4 day old in Expt. 7 and 5 day old in Expt. 8.
The results, generally, are in agreement with those reported 
earlier. Fig. 66 was plotted with data taken from the three 
experiments,ML 6, 7 and 8 for the sections with 5 mm. of 
first internode included. It can be: seen that in each case, 
there was significant promotion of growth of the sections 
by GA. A further point which may be noted is that the magnitude 
of the GA response increases as the age of the seedlings from 
which the sections were cut increased. The sections from the 
5 day old seedlings being most responsive.
Table 75 show the growth of the coleoptiles on the 
first leaf base sections used in Expt*s. ML 6 and 7 (Table 74). 
It can be seen that the coleoptiles from the 3 day old sections 
responded to lAA significantly at 10 mg./I. and to GA at 
0.1 and 0.01 mg./I. Those from 4 day old seedlings, however, 
responded significantly to lAA only at 10, and 1 mg./I.
The results of an experiment (Expt. ML 9) in which 
first leaf base sections with different lengths of first inter-
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TABLE 74
The Effects of lAA and GA on the Mean Extension Growth (mm): 
of the Avena First Leaf Base Sections cut with 5 mm. of 
the First Internode Included
Age
(days)
Çopcentpation (ppm)
LSD
(P-0.05)
IM GA
6 12 I QjA 1 Of 01
M 1 l_S 3 7.26 2.52 2.38 5.80 - 11.97 12.25 2.02
ML y 4 11V35 7.21Î 9..7() - 22.90 24.96 18.71 2.69'
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length 
of 5 mm.) was cut with 5 mm. of the first internode included. 
Age denotes the age of the seedlings from which the sections 
were cut. All sections were cut from dark grown seedlings. 
Control medium was 'citric-phosphate buffer plus 2% sucrose 
(pH=5). Incubation period of 48 hours in the dark at 25^0.
TABXE 75
The. Effects of lAA and GA on the Mean Extension Growth (mm)' 
of the ColeoDtile on the Avena First Leaf Base Sections: 
cut with 5 mm. of the First Internode included
Expt. Me-.
(days)
Concentration (ppm)
lAA* GA , m .  ^
(P=0.05)
0 10 1 0.1 1 0.1 0»01
ML 6 3 1.87: 4.43 2.46 2.73: - 4.14 4.04 1.39
ML % 4 1 .1.1 2.31 1.70 1.04 0»98 1 ..03: 0.44
Explanatory notes as in Table 74.
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TABLE 76
The In f lu e n c e  o f th e  In c lu s io n  o f D i f f e r e n t  Lengths o f  the  
F i r s t  In te rn o d e  in  the Avena F i r s t  L ea f Base S ection s  on 
the  Resnonsea o f such S ection s  to  lAA and GA
E x n t. Length o f Cone. C o n c e n tra tio n  GA (nnni)
Ho. F i r s t I M
iPDm)
LSD
In te rn o d e 0 1 0 . 1 (P = 0 .0 5 )
in c lu d e d
ML % +0 -/ 0  ' 
1 0
6 . 1 2
5 .7 7
1 i .1 5
C 8;90
12.16
9.42; 1 . 8 6
+5 0
1 0
12.83:
9 .4 5
3 0 .2 5
21 .58
34.80; 
S!2 ."7%!
3 .8 2
Each v a lu e  is  the mean ex ten s io n  (mm)/ o f  two r e p l ic a te s ,  (each
+0 -  5 mm. f i r s t  l e a f  base s e c tio n  w ith  no f i r s t  in te rn o d e .
+5 = 5 lOBi. " " ... " „ 5 -mm. f i r s t  in te rn o d e .
Avenâ first leaf base sections cut with 
5 mm* of first internode included.
40K
30
LSD
10
I l s d
Fig. 66. thg inflilAncA n f  hhp n f  .qppriTino-g
ailich the Avena first, leaf basA AArtinnc 
y ,e cui^  on the responses of ti-s sections 
to vaA #
(Expt's, 6, ML 7, ML 8)
Explanatory notes as in Tables 74 and 76.
C = control.
LSD (P=0.05).
2 5 6  '
node included were cut from 6 day old seedlings, are presented 
in Table 77 and Fig. 67. As is expected, all the the five 
types of sections used responded significantly to the GA 
treatments. It can be noted that here also the magnitude 
of the GA response increases with the increasing length of 
first internode included.
Table 78 and Fig. 68 show the results of an experiment 
in which instead of the usual 5 mm. of first leaf base, only 
2mm. of the first leaf base was used together with 5 mm. of 
first internode. Such sections were cut from seedlings of 
3, 4, 5, 6 and 7 day old dark grown seedlings. The sections 
cut from seedlings of the various ages all responded significants 
ly to GA, although the 3 day old sections was stimulated 
significantly at one of the concentrations only, 0.1 mg./I.
The lAA treatment either had no effect or significantly reduced 
the growth of the sections in certain cases. The presence of 
lAA as susual reduced the GA responses of the sections. The 
6 day old sections were the most responsive. It is quite clear 
that even with 2mm. of the first leaf base left on the section, 
it can still response to GA, although the magnitude of the 
response is much less than that of the 5mm. first leaf base 
section.
(4) The Effects of Kinetin (6-furfurylaminopurine) and Adenine 
Sulphate on the growth of Avena First Leaf Base Sections.
Various reports of the effects of Kinetin and adenine
on leaf growth can be found in the literature (Miller, 1956; 
Scott.and Liverman, 1956, 1957; Kuraishi and Okumura, 1956;
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t a b l e  7.7
The In flu e n c e  o f the In c lu s io n  o f D i f fe r e n t  Lengths o f the  
F ir s t  In te rn o d e  In  the Avena F i r s t  Leaf Base S ections on 
the Resnonses o f such S ections to  lAA and GA
IExperim ent ML f ;
Length o f C o n cen tra tio n GA (ppm)
LSD
(P = 0 .05 )
F i r s t
In te rn o d e
includedûm
0
)
1 O i l 0.01
40 7 .6 7 20*42; 18 .80 14.65 1.71
+1 7..7 5 21 .76 22*30 18 .62 5.663
+2 9 .5 0 25 .06 22;. 77 2 0 .35 1 .69
+3 9.40. 27 .47 2 8 .5 0 21.81: 4 .3 2
4 4 8 .8 0 25 .5 2 28 .25 18.67 2*47
j-o uiiv lucaxi vmui/ ux OWU 1 wpXiCa ues , ^eaCQ
r e p l ic a te  o f  10 s e c t io n s ) . Each f i r s t  le a f  base s e c tio n  ( i n i t i a l  
le n g th  o f  5 mm.) was cu t w ith  d i f f e r e n t  len g th s  o f the f i r s t  'X'A 
in te rn o d e  in c lu d ed  as in d ic a te d . A l l '  sectio ns  were cu t from  
6 day o ld  dark grown s e e d lin g s . C o n tro l medium was c i t r i c -  
phosphate b u f fe r  p lus 2% sucrose (p H =5). In c u b a tio n  p e rio d  o f 
48 hours in  the dark a t  25°C .
+ 0 = 5  mm. f i r s t  l e a f  base s e c tio n  w ith  no f i r s t  in te rn o d e .
+1i = 5 mm. " " " " " 1, mm. f i r s t  in te rn o d e .
+8 = 5 mm. " " " " " g jum. " n
+3 = 5 mm. " " " " « 3 mm. "
+4 = 5 mm. " " " " " 4  mm. u u
258
 ^30<
O
c o
m e
c C
X
LlI
c
a
Z
20 <
10 <
o k  S /4
/
' X ÿ O  0 ^
Fig. 67. The influence of the inclusion of different 1 
lengtlis 'oT''first internode in the sections on 
on the responses of the Avena first leaf base 
sections to. GA.
(Expt. ML 9).
Explanatory nofees, as in Table 77.
G = control.
LSD (P=0.05),.
y
TABLE 78
The Influence of the Age of Seedlings from which the 
Sections were cut on the Responses of 2  mm.* Avena 
First Leaf Sections, cut with 5 mm. of First 
Internode. included to lAA and GA
2  5 9
(days)
Cone #
Concentration GA (nnm)
LSD
(ppm)
0 1 OiJ. (P = 0 .0 5 )
3 0
15
3 .6 2
1 .B 2
4.32; 
1 .7,7
5 .00) 
2 .3 5 0.99!
4.
Â 2 . 2 01.38 5 .3 22 .5 7 5 .7 91 .3 0 1.05'
5)
i 2.^272 .5 6 7 .4 7 .4 .32: 6»904*2 2 0 . 6 8
6
JS
3 .0 6
T.6l9
11^30;
S..TOJ
13 .57  
6:# 901 1 .3 4
7
1 0
2 ;db
2 .5 7
7 .0 7
4 .1 7
6 .5 5
4 .9 7 2..15
Each value is the mean extension (mm)j of two replicates, (each 
replicate of 10 sections). Each first leaf base section (initial 
length of 2 mm.) was cut with 5 mm. of first internode included.
froA'dark grown seedlings< of the different 
indicated above. Control medium was citric-phosphate 
buffer plus 2/i sucrose (pH=5). Incubation period of 48 hours, 
in the dark at 25^0.
 • GA only
o o GA+ lAA 10ppm.
2 60 ;?
co
c/}
C
X
Û E
<
<
<
8 <
LSD4<
< LSD
0 <
i l s d
Explanatory notes as in Table 78• 
G = control'..
LSD (P-0.05).
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Humphries, 1958a,b; Humphries and Wheeler, 1960). The experiments 
to be reported below were carried out to find out whether 
Kinetin and Adenine sulphate may have any e f f e c t ^  on the 
growth of the Avena first leaf base sections.
The results of an experiment in which first leaf base 
sections (5 mm.) cut at the base of the coleoptilar node 
from seedlings of various ages and tested in Kinetin and 
Adenine sulphate at 10, 1, and 0.1 mg./I. are presented in 
Table 79. It can be seen that the 3 day old sections did not, 
respond to either Kinetin or Adenine sulphate. Kinetin inhibited 
the growth of the ® day old sections at 10 and 1 mg./I. whereas 
Adenine sulphate had no effect on them. With the 6 day old 
sections, Kinetin significantly inhibited their growth at 
10 mg./I. but also significantly promoted their growth slightly 
at 0.1 mg./I. Adenine sulphate also gave a slight stimulation 
of growth at 10 mg./I.' In the case of the 7 day old sections, 
Kinetin again gave a slight stimulation of growth at 0.1 mg./I. 
Adenine sulphate, on the other hand had no effect. It is 
interesting to note that Van Overbeek 4nd Dôwding (1959) also 
obtained a slight promotion of growth by Kinetin at 0.1 mg./I. 
in their Avena first leaf base section test.
Table 80 and Fig. 69 A show the results of an experiment 
using 3 day old section (5 mm.) to investigate the effects of 
Kinetin and GA. It can be seen that both Kinetin and GA alone 
had no significant effects. There was no significant interaction 
between Kinetin and GA. Table 81 and Fig. 69 B show another 
experiment using 4 day old sections; here, GA alone significant-
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TABLE 79
The Effects of Kinetin and Adenine Sulphate on the Mean
Extension Growth (mm) of Avena First Leaf Base
Sections cut from Seedlings of
(days)
Concentration (pnm)
Kinetin Adenine sulnhate LSD
(P=0.05)
0 12 1 0..1 10) 1 0.1
3 1.68 1.50 2.08 1.23 1.47 1.72 1.85 0.46
5 4.81 1.97 2.84 4.27 3.33; 4.27 3.86 1.50'
6 4..77: 3.20 4.85 6.68 6.52 5.26 5.10 1.25
7 2.71 2.51 1 3.07 3.59 2; 20 2.62 2.95 0v72
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section Unitial length 
of 5 m . )  was cut at the base of the coleoptilar node. Control 
medium was citric-p0iosphate buffer plus 2^ sucrose (pH=5). 
Incubation period of 48 hours in the dark at 2 5 % .
2 6 3
TABLE 8 0
The Effects of Kinetin and GA on the Mean Extension
Growth (mm) of Avena First Leaf Base Sections
Concentration Kinetin (pnm)
(ppm) 0 10 1 0.-1 0.01
0 0..74 0.90 1.46 0.78 1.43
1 0*47 1.06 0.59 0,67 1.15,
0.1 1.08 0.49 0.35 1,02 0,50
0,01 0177 0.48 0.58 0.56 0.66
Least significant difference: 0.86 (P=0.05)
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length of 
5 mm.) was cut at the base of the coleoptilar node. All sections 
were cut from 3; day old dark grown seedlings'. Control medium 
was citric-phosphate buffer plus 2 %  sucrose (pH=5). Incubation 
period of 48 hours in the dark at 25°C.
264
TABLE 81i
The Effects of Kinetin and GA on the Mean Extension
Growth (mm) of Avena First Leaf Base Sections
Cone. Concentration Kinetin (nom)
(ppm) 0 10 1 0.1
0 4.57 2.23 4.04 4.15
10 8.63 2.12 5.20 3.10
1 10.40, 2.24 5.63 2.12
O.rl 6.62 2.09 3.86 3.18
Least significant difference: 1.48 (P=0.X)5).
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length 
of 5 mm.) was cut at the base of the coleoptilar node. All' 
sections were cut from 4 day old dark grown seedlings. Control 
medium was citric-phosphate buffer plus Z % sucrose (pH=5). 
Incubation period of 48 hours in the dark at 25°C.
265 '
f-
0 <
j e t i o n s  ^ (A) Sections cut from 3 day old 
seedlings^ (B) Sections cut from 4 day old 
seedlings.
Explanatory notes as in Tables 80 and 81.
C = control.
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ly promoted the growth of the sections, Kinetin alone had 
no effect at the two lower concentrations, but significantly 
inhibited the growthoof"'the section at 10 mg./l. Kinetin 
also significantly inhibited the GA effects.
Table 82 and 84, Fig. 70 A show the results of two 
experiments using first leaf base sections cut from 3 day old. 
seedlings with 5 mm. of first internode included. In one of 
the experiments, (Table 82, Fig. 70 A) Kinetin had no effect, 
but it did significantly reduced the GA effects. In the other 
experiment (Table 84), Kinetin alone at 10 mg./I. had a 
slight significant stimulatory effect. There was no significant 
interaction between Kinetin and GA here.
Table 8S and 85, Fig 70 b show the results of two 
experiments. In one experiment (Table 83, Fig. 70 b ) , Adenine 
sulphate alone had a slight significant stimulatory effect at 
one concentration only, 1 mg./I. Here, Adenine sulphate also 
reduced the GA effects. In the other experiment/ (Table 85), 
Adenine sulphate alone had slight significant stimulatory 
effect at all the concentrations used, 10, 1, 0.1 mg./I.
In this experiment, there was no significant interaction 
between Adenine sulphate and GA.
Table 86 show the results of an experiment in which 
the effects of Kinetin and lAA were studied. First leaf base 
sections cut at the base of the coleoptilar node (5 mm) were 
obtained from 3 and 4 day old seedlings. In both cases, 
both Kinetin and lAA alone had no significant effects. There 
were no significant interactions-between the two substances.
6 7
TABLE 82
Thft Effects Of Kinetin and GA on the Mean Extension
arnwi.h fmmi rtf Avena First Leaf Base Section#
nnh with 5 mm. of First Internode Included
Cone. Concentration Kinetin (ppm)
M U
(P=0L05)M  X (ppm) 0 10 1 0.1:
0 5.85 6.18 7.92 7.84
1 11.15 8.28 9.27 9.15 2.88
0.1: 10.73 8.60: 6.08 8.36
Each v a lu e  is  the  mean o f two re p lic a te s .,  (each r e p l ic a t e  o f  10
Î Ï Ï  Ï S ' f S t  ln?SSj'înîiSed!1îï
sections were cut from 3 day old dark grown seedlings;. Control 
m e d i ^  was citric-phosphate buffer plus 2 %  sucrose (pH=5). 
Incubation period of 48 hours in the dark at 25°C.
TABLE 83
Çiit with 5 mm. of First Internode inc.1udf>H
Gppc.. Concentration Ad^ninp <iiiir.hc.-hc.
T Qn
(ppm) Ù 10' 1 03,1
' 1*0 jU
(P=0,05)
0 5.85 7.06 9.51 7.84
1 1,1.15 9..70 7.66) 8.76£ 3.36
0.,1i 10.73 7.89 6,27 8.17
Explanatory notes as in Table
^ 69
TABLE 84
The Effects of Kinetin and GA on the Mean Extension
flrnwth (mmV of Avena First Leaf Base: Sections
cut with 5 mm. nf First Internode included.
Cone. Concentration Kinetin (ppm)
LS£
(P=0.05)
GA
(ppm). 0 10 1 0.1
CD. : 
OUI
3.41
7.48
6.31: 
6..70
5.72
8.56
4.57
6.16
2.80
Explanatory notes as in Table &2’.
TABLE 85
J*]?,? Brfggts of Adenine sulphate and GA on the Mean Extension 
Growth(mm) of Avena First Leaf Base Sections' 
cut with. 5 mm. of First Internode Included
done.
n A Concentration Adenine sulnhate (ppm)
(i^m) 0 10. 1 0.1
LSfi
(P=0.05)
0 3 .4 1i 6.18 6.26 5.92.
0.1 7.48 9.74 8 .67 8.22.
1.85
Explanatory notes as in Table 82.
o
(y
l/)
o 
co
inc
X
UJ
(A)
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0
Flg. 70. (A) The effects of kinetin and GA; (B) The
effect of adenine sulphate and GA on the
t mAATi extension afowtn nf Avena first leaf base ,
sections cut with. 5 mm. first internode included#
Explanatory notes as in Table 82 and 83, 
C = control.
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TABLE 86
The Effects of Kinetin and lAA on the Mean Extension
G^wth (mm) of Avena First Leaf Bawe Segtfflns.
cut rrom seeallngs of different ages
(days)
Cone.
Kinetin
Concentration lAA (nnm)
(ppm) 0 1 0.1 0.01: (P=0.05)
3 0
IOl '
1.17
1.15
1 .51 
1.01
1..62
1.55
1 .30 
1.58'
0.59
4 ' 0 
10
1.39
1.65
1.68
1.32&
1.18
1.07
1.13 
1.37
Ok 57
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10 sections). Each first leaf base section (initial length of 
5 mm.) was cut at the base of the coleoptilar node. Control 
medium was citric-phosphate buffer plus 2 % sucrose (pH=5). 
Incubation period of 48 hours in the dark at 25°C.
TABLE 87
The Effects of Kinetin and_ lAA on the Mean Extension 
dPowth imi), of Avena First Leaf Base Sections 
cut with 5 mm. of First Internode included
Cone. Concentration lAA (mm)
(P=0.05)
Kinetin
(ppm)/ 0 1 0.1 0^01
0 3.32 1.77 2.03 2.65
10 2.74 2.76 2.42 2.16
1.19
Each value is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length of 
5 mm.) was cut with 5 mm. of first internode included.
Control medium w&s citric-phosphate buffer plus 2 % sucrose 
(pH=5). Incubation period of 48 hours in the dark at 
All sections were cut from 3 day old dark grown seedlings I
2??
Table 87 show the results of an experiment in which 
the effects of Kinetin and lAA were studied using first leaf 
base sections cut from 3 day old seedlings with 5 mm. of the 
first internode included. Here, lAA alone significantly reduced 
the growth of the sections at 1 and 0.1 mg./I. Kinetin alone, 
however, had no significant effect. There was no significant 
interaction between lAA and Kinetin.
(5) The Effects of Amino Acids on the Gtowth of Avena First 
Leaf Base Sections:.
In all the experiments to be described here, the
first leaf base sections were cut at the base of the coleoptilar
node (5 ram.) from 3 day old seedlings.
Table 88 show the results of an experiment/ done with 
DL-Glutamine and GA. Here, GA,as expected, had no effect. 
DL-Glutamine alone also had no effect.
Table 89 presents results of another experiment done
with DL-Glutamine and GA. In this case, DL-Glutamine had
a slight significant effect at 0.1 mg./I. The responses of 
the sections to mixtures of the two substances were significant­
ly less than additive at certain combinations.
2iie results of an experiment done with DL-Glutamic 
acid and GA are presented in Table 90. DL-Glutamic acid alone 
had slight significant stimulatory effects at 1 and 0.01 mg./I. 
The presence of GA seemed to have significantly reduced the 
DL-Glutamic acid effects.
Table 91 show the results of an experiment in which 
the following amino acids were used: DL'-Aspara&ine, DL-Glutamic
2*72
TABLE 88
ffihe Effects of DL-Glutamine and GA on the Mean Extension 
Growth (mm) of Avena First Leaf Base Sections
Concentration (nom)
LSD
0
GA. DL-Glutamlne (P=0.05)
- T.. ~Œ.1 d ;ôi " 10 -'"-r 0.1-' 0 ‘.O1
1.56 1.01 U 5 3 1.32 1.59 1.88 1.73 1.50 0.70
Bach value Is the mean of two replicates, (each replicate of 
10 sections). Each first leaf base section (initial length of 
5 mm.) was cut at the base of the coleoptilar node. All sections 
were cut from 3 day old dark grown seedlings. Control medium 
was citric-phosphate buffer plus 2^ sucrose (pH=5). Incubation 
period of 48 hours in the ddrk at 25°C.
2  7 3
TABLE eg
The Effects of DL-Glutamine and GA on the Mean Extension
Growth (mm) of Avena First Leaf Base Sections
Cone.
GA
Concentration DL-Glutamine (ppm)
(ppm) 0 1 Oil 0.01
0 2.10 1.66 3.90 2.77
1i 2.20 2.07 2.11 2.13
0.1 1.89 1.87 1.58 2.15
Least significant difference: 1.48 (P=0.05). 
Explanatory notes as in Table 88.
TABLE. 20,
The Effects of DL-Glutamic Acid and GA on the Mean Extension 
Growth (mm) of Avena First Leaf Base Sections
Cone. Concentration DL-Glutamic Acid (nom)
(ppm) 0 1 0..1 0.01
0 2.10 4.10 2.66 3.20
1 2.20 1.98 2.36 2.96
0.1 2.89 1.93 1.86 2.36
Least significant difference: 0.96 (P=0.05).
Explanatory notes as in Table 88.
TABLE 91
The Effects of Various Amino Acids and GA on the Mean Extension
Growth (mm) of Avena First Leaf Base Sections
Cone.
GA 
(ppm)
Concentration DL-Asnaragine (ppm)
10 1 0.1 0.01
LSD
(P=0.05)
0
1
1.05
0.97
1.10
1.36
1.37
0.77
1.56
0.92
1.26
0.99
0.75
0
Concentration DL-Glutamic Acid (ppm)
10 1 0.1 0.01
0
1
1.05
0.97
1.07 
1.51
1.48
1.20
0.93
1.31
1.01
1.61
0).63
Concentration Glycine (ppm)
10 1 0..1 0.01
0
1
1.05 1.55
1.07/
1.28
1*22!
1.52
1*24
1.85
1.26)
0.95
Coneentration.DL-Glutamine (ppm)
10 1 QV-1 0.01
0
1
1.05
0.97
1.31
1.45
01,90
1.28
1.15
1.46
T.86
0*97
0.87
Explanatory notes as in Table 88..
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acid, Glycine, and DL-Glutamine. None of the amino acids 
had any significant effect, and there was no significant 
interaction between GA and any one of the amino acids used.
(6) The Effects of Vitamins and Amino Acid Growth Factors on 
the Growth of Avena First Leaf Base Sections.
In the experiment here, the first leaf base sections
were cut at the base of the coleoptilar node (5 mm.) from
3 day old seedlings. The results are shown in Table 92.
None of the vitamins and amino acid growth factors had any
effect on the growth of the sections.
In resume, it may be said that two factors appear 
to have very pronounced influence on the response of the
t
Avena First Leaf Base Sections to GA, they are: the age of 
the seedlings from which the sections are cut and the length 
of the first internode included in the section. S’ections cut 
from young 3 day old seedlings do not respond to GA, however 
they would respond to GA when part of the first internode 
is included in the section. Sections from older seedlings 
all respond to GA and the maximum response was obtained with 
sections cut from 5 or 6 day old seedlings. The sections seem 
to react specifically to GA. lAA haâ no effect or is inhibitory 
and always reduces the GA response. Ninetin. Adenine sulphate, 
and certain amino acids may have some effect on certain 
sections, but the effect is always very slight. If appears 
that this Avena first leaf base section test using sections
cut from 5 day old seedlings can be used as a good indicator 
of the presence of gibberellin activity. The data also suggest
2 *76
TABLE 92,
The Effects of Vitamins and Amino A d d  Growth Factors on the
Mean Extension Growth (mm) of Avena First Leaf Base Sections;
Concentration (nom)
Treatment 0 10 1 0.1
Gûlîtriîl. 4.60 - - -
Â m n z i x i Q .
üydrocblorlüe 4.80 4.78 4.17
Pyridoxine
hydrochloride 3.87 3.94 5.11
L-Arsinine
monohydrochloride 4.50 3.30 4*40
DL-Histidine
monohydrochloride 4.62 3.55 5.06
DL-Lysine
mono hydrochloride 4.47 4..10 4.50
Least significant difference: 1.35 (P=0.05)'. 
Explanatory notes as in Table 88.
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that there may be a* leaf growth* substance present in the. 
first internode which can enhance the response of the 3 day 
old sections to GA.
278
CHAPTER VII
Attempts to isolate *Leaf Growth* Substances 
from Avena First Intennod.es
The results described in the last Chapter suggest 
that there may be some growth substance, in the Avena first 
internodes which may stimulate the growth of the first leaf 
base sections in the presence-of GA. If this were so, it 
could then account for the fact that the presence of the 
first internode has an enhancing effect on the GA response 
of sections cut from 3 day old seedlings which are usually 
insensitive to GA in the absence of the first internode. It 
was therefore decided to attempt an isolation of the * leaf 
growth* substance, if any, from Avena first internodes using 
the Avena first leaf base section test as bioassay. The 
sections used were cut from 3 day old seedlings at the base 
of the coleoptilar node. The method for extraction of plant 
materials'and the bioassay technique have been described in 
Chapter II { - g . H  ).
(1) Bloassay of Crude Extracts:.
Initially, crude water extracts of 4 day old first 
internodes of Victory oats were assayed for activity without 
any further purification or separation. One in ten serial 
dilutions of the crude extracts were made in the control 
medium of citric-phosphate buffer plus 2 % sucrose (pH=5).
The results are shown in Fig. 71. On two occasions, ,(Fig., 71 A
~ P _ "Z
and B) dilutions of the crude extracts at log. 10 , 10; and
Fig. 71. Dilution-grovrth response in the Avena first leaf base
section test of crude, water extracts of first internod.es 
from 4 day old Avena seedlings.
(A) 34 g. material used.
(B) 38 g. material used.
(C) 26 g. material used.
The three horizontal lines denote control means and 5^ 
fiducial limits of assay respectively.
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2 8 g
10-4 promoted the growth of the first leaf base sections
** 1
significantly in the absence of GA. The log. dilution of 10 
did not promote growth and on one occasion was significantly 
inhibitory. On the third occasion, the crude extract at log. 
dilutions of 10“^ and 10"^ again significantly promoted growth 
in the absence of GA. However, when 1 ppm. GA was added to 
the extract dilutions, only the log. dilution of 10“^ gave 
a slight significant promotion, (Fig. 71 C ) . The log. dilution 
of 10"^ was significantly inhibitory, and the undiluted extract 
was very strongly inhibitory both in the presence and absence 
of GA.
Fig.. 72; shows the results obtained with crude ethanol 
extracts. Log! dilutions of 10-2 and 10"^ were significantly 
active in the absence of GA. In the presence of GA, only log.. 
dilution of 10-4 ^as significantly active.
Considering the results given above, it appears that 
thaere may be some growth substance in the extracts which 
can stimulate the growth o f 'the first leaf base section, and 
obviously there must be a great deal of inhibitors in the 
extracts as well.
(2) Chromatographic Separation of the Extracts.
In view of the results above, the following experiments 
were carried out by a simple straight forward separation of 
the extracts on chromatograms using iso-butanol:methanol:water 
::80:5;15 as the solvent, and the chromatograms were assayed
by the first leaf base section test. Details of the general
5
4
B e 3  
1 ^ 2  
O  1 
0
Ethanol Extract
llppm I 
GA
-4 I 1 - 0  I -
Log. dilution 
Extract only
„,4
1-4 1-3 1-2 1-1 
Log. dilution 
Extract + GA Ippm
F i g .  7 2 . ion-growth response In the Avena first, 
base section test of crude ethanol
extract of first internodesfnom 4 day old 
seedlings;. (35.2' g. material used.)
The three horizontal lines represent ciantrol 
mean and ,5^ fiducial limits respectively.
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procedure of chromatography and assay technique were described 
in Chapter II (p. .
Fig. 73 illustrates the results obtained with water 
extracts of 4 day old first internodes of Victory oats. The 
results were not very consistent. The main difficulty was 
the presence of gummy substances in the concentrated extracts, 
which may have interferred with the development of the 
chromatograms and also with the subsequent assay. In one 
chromatogram, (Fig. 73 A), an active zone of growth promotion 
was obtained at 0.2 - 0.4 with higher activity between Rf 
0.3 and 0.4. In the second chromatogram (Fig. 73 B), the active 
zone of growth promotion was spread out rather wide between 
Rf 0.3 and 1.0 with two peaks one at Rf 0.4 - 0*5 and another 
bear the solvent front between Rf 0.9 and 1.0. A third 
chromatogram (Fig. 73 C) did not promote growth at all.
Fig. 74 shows the results of two chromatograms of 
water extracts, here, the chromatograms were assayed in j
the presence of GA as well. It can be seen that the chromatograms 
did not promote growth either in the presence of or in the. 
absence of GA (1. ppm) .
The results of chromatograms of ethanol extracts- are 
shown'in Fig. 75. Here again, the chromatograms did not promote 
growth either in the presence of or in the absence of GA (Ippm).
Fig.. 76 illustrates the results of chromatograms of 
an acetone extract. In the absence of GA, two active zones 
of growth promotion were obtained, one between Rf 0.2 and 0*3, 
and the other one between Rf 0.4 and 0.5. In the presence of
4F ig ,  7 3 .
«irTT jrTrrji v r » '■ ' n  r%rn r
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Flg.e 74. Assay of chromatograms (isobutamol:metbanol:water solmntl 
of leaf growth s^ubstances An, y M e r  extracts of first 
internodes from 4 day old Avena seedlings by the Avena 
first leaf base section test.
(A^ 55.5 g. of material used.
(B) 52.6 g. of material used.
The horizontal lines denote control means and 
limits of assay respectively.
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water so&yent) of leaf growth substances in 
eGhanol extlracts of first internodes, from 
4 day old seedlings by the Avena first leaf 
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(A) 38 g. of material used.
(B) 43 g. of material used.
"^ ke horizontal lines denote control means and 5^ fiducial 
limits of assay respectively.
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The three horizontal lines denote control means 
and 5fo fiducial limits of assay respectively.
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GA (1 ppm), a zone of growth promotion was obtained a t  Rf 
values between 0.4 and 0.5.
Two experiments have also been carried out with the 
acid ether-soluble fraction and the neutral ether-soluble 
fraction of water extracts of 4 day old Avena first internodes.
In one occasion (Fig. 77) Victory oats were used, here, the 
neutral fraction gave chromatograms which did not promote 
growth at all. The chromatogram of the cid fraction, however, 
promoted growth between Rf* 0.3 and 0.4. In the second occasion, 
osta of the variety "Belndor" were used. The chromatograms of 
the neutral fraction/ (Fig. 78) gave active zones of promotion 
at Rf 0<- 0.1 and at Rf 0.3 - 0.5. .The chromatogram of the 
acid fraction gave active zones of growth promotion between 
Rf 0 and 0.1 and between Rf 0.2 and 0.5. The chromatograms of 
both the neutral and acid fractions did not promote growth in 
the presence of GA (1 ppm).
. The experiments reported above should be regarded
as exploratory in nature extirely. The results were,on the whole,
rather inconsistent. However, where activity was present, itv was.
usually at Rf values between 0.2 and 0.5. The results do indicate
that there may be * leaf growth* substances in the water extracts j
and in the acetone extracts. That the substabces may be of an
acidic nature was indicated by the activity found in the
chromatograms of the acid fractions of water extracts. However, '
the possibility of other active neutral or basic substances
may not be ruled out. The substance present in the acetone
that
extract which was active in the presence of GA suggests/there
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may be substances in the first internode which can enhance
the GA responses of the first leaf base sections.
CHAPTER VIII 
GENERAL DISCÜSSIOE AHD CONCLUSIONS
It has already been pointed out in the Introduction 
that various comparisons of the physiological activities; of 
lAA and of GA have revealed that the spectrum of activity of.
GA do differ from that of lAA but the two do overlap to a 
certain degree (Brian, 1959; Stowe and Yamaki, 1959). In so 
far as the effect of GA on stem elongation is concerned, it 
differs from lAA in its pronounced effect on intact plants, 
but in the case of excised sections of the shoot, the actions 
of GA and of lAA can be regarded as similar in quality. The 
results obtained here with Avena coleoptile sections and with 
Avena first internode sections, (-N) type of sections, 
generally confirm the observations of earlier workers (Hayashi 
and Murakami, 1953b, 1958; Nitsch and Kitsch, 1956).. The 
effect of GA on these sections are always less, than that of ... 
lAA, and.the log. dose-response curves for GA and for lAA are 
different in form. That for GA is usually flat-topped with • 
no prominent peak. It is difficult to arrive at a definite 
conclusion from the results that the modeoof action of the 
two substances , lAA and GA, are entirely different. However, 
it does appear that their mode of action could well be diffrent 
in the sense that they affect different pathways leading to 
the same end result which has been observed, that is elongation. 
It may, however, be said that GA is not the same type of auxin
as. lAA, although GA may be regarded as an auxin as far as 
the currently accepted definition of auxins is concerned, 
as was pointed out by B r ia n ,gemming and Radley (1955).
The results obtained here with the Avena leaf base 
sections, however, show a definite difference in the response, 
of these sections to lAA and GA. Sections which respond to GA 
do not respond to lAA at all. This observation agrees with 
that of Van Overbeek and Dowding (1959). Radley (1958) using 
wheat leaf sections, and Hayashi and Murakami, 1954, 1958, 
using Avena leaf sections have found that growth of the leaf 
sections can be stimulated by both lAA and GA in certain 
circumstances, sections taken from the basal and younger 
portion of the leaf being sensitive to both substances. The 
results here are more in accord with those of Scott and 
Liverman, 1956, 1957). This finding here adds further support 
to the already well documented fact that the actions of lAA 
and GA on leaf growth are essential different ( Brian, 1959, 
1960).
Another interesting feature in the differential 
effects of lAA and GA on excised sections was found in the 
response of the (+N) Avena first internode sections, that is 
the sections cut with the coleoptilar node included^ to GA 
and lAA. The (+N) sections while still responding to lAA, 
now give a much higher respond to GA than the (-M) sections. 
The magnitude of the GA response of the (+11) sections were
almost as high as the lAA response. Here, again, the log.dose-
?
response curve for GA is flat-topped. This increase in GA 
response has been found to increase as the sections are cut 
closer to the coleoptilar node. It is thus quite obVious 
that the coleoptilar node certainly has a very pronounced 
influence on the response of the Avena first internode sections- 
to GA. The (+NX sections have a higher endogenous growth rate, 
than the (-E) sections, and the lAA response of the (+K) 
sections are usually slightly lower than that of the (-N) 
sections. These observations may ble explained in terms of the 
high endogenous growth rate, the greater sensitivity of 
immature tissuea or interaction with ’factors* produced at 
the coleoptilar node.
The fact that greater responses to GA by tissue 
sections and by decapitated seedlings is associated with 
greater endogenous growth rates has been observed.by various 
workers (Hayashi and Murakami, 1953b, 1958; Purves and Hillman, 
1958; Hadley, 1958; Vlitos and Meudt, 1957 a,b; )). Brian (1959): 
has suggested that high endogenous growth rate and the,greater 
GA response of the - tissues with high endogenous growth rate 
may be attributed.to the presence of residual endogenous 
auxin. The results here appear to-agree with this explanation 
although no direct., evidence is available as to the amount of 
residual endogenous auxin present in the different types of 
sections. Of course, it may be suggested that the meristem 
situated just below the coleoptilar node may be a center for 
auxin production as was suggested by Her (1951)). The results 
of Vlitos and Meudt (1957 a, b) are interesting in this
2-94
coiœectlon. They observed that decapitated pea seedlings grow 
little, whether GA is present or not and they suggested that 
the growth of the subapical internodes must depend to some 
extent on growth factors produced in the shoot apex and that 
the GA response of these seedlings.; cannot be fully expreesedi 
unless the growth factors from the apex are present. In the 
case of Avena first internode sections here, it may be 
possible that some growth factors produced at the coleoptilar 
node or at the meristem just below the coleoptilar node is 
necessary for GA response of the sections. The growth factors; 
or factor do not appear to be lAA as will be seen from a 
consideration of the interaction of lAA and GA on the growth 
of the first internode sections, below. It may also be considered 
that the difference in the magnitude of response of the (+N) 
and the (-N) sections to GA may be due to a difference in the: 
intrinsic ability of the cells present in the sections to 
respond to GA. The stage of development of the cells in the 
two types of sections is of importance in this connection.
The cells in the (-N) sections are naturally older and are 
anatomically quite different from those of the (+N) sections; 
which are younger and are still capable of meristematic activity, 
cell division. This, of course, leads one to consider the 
effect of GA on cell elongation and cell division. The results 
of work on the question of whether GA promotes cell elongation 
or cell division have been briefly reviewed in Chapter I (p.i3 
The evidence available points to the conclusion that GA affects 
both cell elongation and cell division (Brian 1960). In the
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case of the Avena first internode sections here, it may be 
considered: quite likely that GA can affect cell division leading 
to increased cell division and together with a certain amount, 
of cell elongation bring about a greater response to GA in 
the (+N) sections which have an active meristem near the 
coleoptilar node. The (-N) sections however, do not have an 
active meristem, and the cells in such sections are in a 
later phase of cell growth, that of cell elongation and cell 
differentiation, here, GA may induce cell elongation only, and 
being older, the cells may not respond as much as the younger 
cells in the (+N) sections to GA. Relevant to this considecation: 
are perhaps the reports of GA effect on cell division, 
particularly, in cambial activity, (Sachs and Lang, 1957; 
Gunderson, 1958; Guttridge and Thompson, 1959; Greulach and 
Haesloop, 1958; Feucht, 1958). Of particular interest is the 
results of Skjegstad', (quoted in Sachs, Bretz, and Lang 1959) 
who found that GA increased the mitotic activity of the 
intercalary meristem of the leaf sheath of dwarf maize and 
also induced cell elongation in the cells of the blade above 
the meristem. The pessibility that the difference in response 
to GA of the two types of sections may be due to specificity 
of the sections to different gibberellins may not be entirely 
ruled out, in view of the recent reports of the specificity 
of the various gibberellins in various bioassay systems^
(Wittwer and Bucovac, (quoted in Brian and Hemming, 196#);
Lockhart and Deal, 1960; Brian and Hemming, I960).
It is. clear from the above consideration that further
2work is needed before the actual cause of the increased GA 
response.of the (+K) sections may be stated with any certainty«- 
The isolation and identification of the possible growth factors 
present in the coleoptilar node and the estimation of the 
level of endogenous auxin'in the two types, of sections are 
very desirable. A thorough examination of the anatomical 
changes in the sections in the presence or absence of GA is 
also much needed. It will also be of interest to test the 
effects of different gibberellins, on the different types of 
sections.
The results of the starvation experiments with the 
Avena first internode sections are rather interesting and 
unexpected. The response of the sections after starvation 
to lAA and GA depends very much on the manner of starvation 
as well as on the temperature of starvation# The loss, of 
response to GA and lAA after starvation by immersion at 
25°C. for 24 hours indicates that there may be a process of 
cell wall stiffening occurring during starvation when the 
sections were prevented from expanding under the anaerobic 
conditions. This wall stiffening process do not appear to 
be, significant when the sections were starved by floatation.
At low temperatures (3oc.), the wall stiffening process 
also appears to be less, severe even when the sections were 
starved by immersion. There.is also an indication of another 
process occuring during the starvation of sections, which were 
allowed; to expand during the starvation period under optimum 
conditions (the Experiments with the -N sections p . &  ).
This process appears to hasten the maturation of the cells, 
and after the starvation period, the sections were not able 
to extend very much more with lAA and GA treatments. It must 
be admitted, however, that there is very little further 
evidence, for these speculationsf which are entirely hypothetical^ 
and little weight can be attached to it. Further elucidation 
of these problems requires a detailed study of the responses 
of the sections: starved under various, conditions and" temperatures 
to lAA and GA, under different conditions of the environment.
Since both lAA and GA seem to affect stem elongation 
in tke same way, at least qualitatively, it is therefore 
desirable to knowjthe possible relationship between the 
functions of the two substances* Reports of synergism between 
lAA and GA or lack of synergism between lAA and GA in various 
system can be found in the literature, these have been reviewed 
in Chapter I.
It: has already been mentioned that Brian and Hemming^ 
(1958); using pea internode sections from light grown plants 
have arrived at the conclusion that GA response is: dependent, 
on the endogenous graowth rate of the sections: and that this 
may be.related to the presence of residual endogenous auxin. 
Burves and Hillman (1959), however, using pea interne de from 
etiolated plants have questioned* this concept as they found 
that when sections with a low endogenous growth rate are 
given sufficient lAA to give an endogenous^growth rate matching 
that of the sections with a high endogenous growth rate, the 
addition of GA did not*produce any further additional growth
than the sections with a high endogenous growth rate. The 
results obtained here with the Avena first internode sections 
cannot be reconciled with Brian's concept, (1.959). It may, 
be recalled that the (+N) sections have a higher endogenous 
growth rate than the (-N) sections and the former type of 
sections-also have a greater GA response. This,in itself, 
confirms the observations of others (Brian and Hemming, 1957,
1959; Vlitos and Meudt, 1957; Radley, 1958; Purves and Hillman, 
1958, 1959) regarding the existence of a relationship between 
endogenous and GA induced growth. It may be thought that if 
lAA was supplied to the (-N) sections, the GA response of 
these, sections may be enhanced if the concept:, of; the mechanism 
relating endogenous and GA induced growth mentioned above 
were correct. The results of experiments in which the (-N) 
sections; were grown in mixtures of:GA and lAA did not produce 
any synergism at all. It thus appears that as far as lAA is 
to be regarded as the auxin necessary for GA response is 
concerned, the conept is. unacceptable^ This, of course, does 
not exclude,the possibility, that the * auxin* concerned may 
be quite a different type of growth substance# It is: of interest: 
to note therefore: the discovery by Stowe (1960) that certain 
fatty acid esters can increase, the GA induced gDowtii of pea 
internode sections.
The results obatined here with Avena first internode 
sections cut with the node included, (+N) sections, also 
show a lack of synergism between lAA and GA. These results 
however, does not necessarily constitute as evidence against
an auxin.mediated mechanism of GA action. The (+1) sections
have a high endogenous growth rate:and therefore may be
expected to have a high level of residual endogenous auxin.
Further addition of lAA in the presence of GA would bring
about an increase in the.level of the endogenous auxin to
a supra-optimal inhibitory level and would- thus reduce, growth
assuming that the action of GA is to protect the destruction
of lAA in the sections, as is proposed by the supporters of
an auxin-sparing action by GA (Pilet, 1957, 1959; Stutz and
Watanabe:, 1957; Gals ton, 1959; McCune and Gals ton; 1959;;
Vttgl and Elema 1960,)/. The results may also be: explained by
another variant of the*third factor' of the three factor
theory first proposed by Brian and Hemming (1958). The'third
factor' is; thought to be an inhibitory factor, and GA is
thought to be able to block the action of this inhibitory
in
factor. If it is assumed that in these (+H) sections,/the- 
presence of relatively ..high concentration of lAA, the 
production of the inhibitory factor is greatly increased, 
and the GA present is not sufficient to overcome the action 
of the inhibitory faction at the high level, then the result 
will be an absence of any stimulatory action of GA as was-; 
found in these experiments where lAA at the higher concentrations 
used 1.0 mg./I. and 1. mg./I. significantly inhibited the GA 
effect. It may be noted that evidence against the auxin-sparing 
action of GA has also been reported (Brian and Hemming, 1958;
Kato and Katsumi, 1.958; Hayashi and Matsunaka, 1956; Hayashi. 
and Murakami, 1958; Purves and Hillman, 1959). No direct
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evidence of the nature of the inhibitory factor is available. 
Further biochemical studies of these interesting possibilities; 
will be profitable.
The synergism obtained here between NAA and GA with 
the Avena first internode sections also cannot be reconciled 
with the auxin-sparing action of GA hypothesis, as these 
synthetic auxins are not affected by lAA-oxidase:. It,may be 
mentioned that no synergism was obtained between 2,4-D and 
GA with the Avena first internode.sections.
The results of the starvation expetiments where 
the (+N) sections after starvation were grown in mixtures 
of lAA and GA did not show any synergism between lAA and GA 
(p. ^  ). The results of the experiments, with the (-ÎJ) sections 
also did not show any synergism between lAA and GA. These 
results,unlike those of Hayashi and Murakami ( 1953a, 1958) 
who used starved pea sections, do not support the hypothesis 
of an auxin-mediated mechanism of GA action.
The results obtained here with the (+N) sections uAling 
mixtures of antiauxins and GA, and anti auxins and lAA, show 
thdJ the anti auxins, HMSP, PCIB and 2,4,6-T, at concentrations 
which had little effect on elongation by themselves, but: 
significantly inhibited the lAA induced growth also inhibited 
the GA induced growth. This would be in keeping with the 
hypothesis of an auxin mediated mechanism of GA action. B W e v e r , 
there is a danger in placing too much emphasis in experiments 
with anti-auxins ^ as it is not definitely established that 
they are competitive inhibitors of auxin action only, they may
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well have an*anti-gibberellin*effect which is quite separate 
from their anti-auxin effect. It also need to be considered 
that lAA may not be "the*" plant hormone concerned in plant 
growth as was previously thought to be so (Bentley, 1958). 
Further it is difficult to explain the synergism obtained 
between low concentrations of and GA in the experiments
here. It may be suggested that the anti-auxins in low 
concentrations may be able to shift the balance of metabolian 
of the cell either in favour of synthesis of protein or of 
wall components leading to growth promotion in the case of 
the synergism between the antiauxin and GA, or in the reverse 
direction leading to an inhibition of growth, depending on 
the suitable concentration required to influence- the metabolism 
in one way or the other.
The results of experiments using Avena coleoptile 
sections grown in mixtures of lAA and GA have revealed no 
synergism between the two substance, this confirms the 
data obtained by Hayashi and Murakami (1953a, 1958).
The. actions of lAA and GA has been shown to be quite 
different in their effects on the growth of the Avena first 
leaf base sections. Here, GA is able to stimulate the growth 
of the first leaf base sections, while lAA is> either ineffective 
or inhibitory to the growth of the sections:. No synergism 
was obtained between lAA and GA in all th experiments with 
the first leaf base sections. This finding is in contrast 
to those reported by Hayashi and Murakami ( 1954, 1958) and
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by Radley (1958). In the presence of lAA, the GA effects; are 
usually significantly reduced. Kinetin also either had little 
effect or significantly inhibited the GA effects. Adenine 
sulphate had little effect on the GA induced growth. Amino 
acids, such as DL-glutamine, DL-glutamic acid, DL asparagine, 
and Glycine, had little activity on the growth of the first 
leaf base sections although on one or two occassions, DL- 
glutamic acid, did have slight stimulatory action, but the 
magnitude of growth promotion given by DL-glutamic acid was 
very small compared with that induced by GA. These amino acids; 
have no effect on the GA effects. Gèrtain vitamins and amino 
acid growth factors also did not have any effect on the growth 
of the first leaf base sections. It is thus quite clear that 
the response of the Avena first leaf base sections to GA is 
specific. This is in accord with the observations of Van 
Overbeek et al (1957), Van Overbeek and Dowding (1959) and of 
Van Overbeek (1959). The lack of synergism bwtween lAA and GA 
on these first leaf base sections is not in favour of an 
auxin-mediated mechnism of GA action hypothesis. The results 
here are more in favour of the hypothesis suggested by Van 
Overbeek (1959) that the auxins and gibberellins are two 
separate groups of plant hormones, if a particular growth 
phase is controlled by auxins, then the effect of GA would be 
synergistic; if growth is controlled by GA, then auxin would 
antagonise the action of GA, as is the case here with the 
Avena first leaf base sections.
An interesting observation in the experiments with
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the Avena first leaf base sections was that the age of the 
seedlings from which the first leaf base sections were cut 
has a pronounced influence on the response of the sections to 
GA. Sections cut from 3 day old seèdlings were insensitive 
to GA and lAA, but sections cut from seedlings of 4, 5, 6 
and 7 days old were readily promoted by GA and do not 
respond to lAA at all. The response to GA was optimum for 
the sections cut from 5 or 6 days old seedlings. It may be 
noted that the leaf sections used in other investigations 
in which there was a significant GA effect were all cut from 
old seedlings, about 4 or 5 day old, (Hayashi and Murakami, 
1954, 1958; Radley, 1958; Van Overbeek and Dowding, 1959).
It thus appear that under the conditions used here, there 
are certain changes going on in the first leaf base region 
of the seedlings as. they grow older increasing the sentivity 
of the sections to GA treatment. This may imply a build-up 
of a certain growth factor or factors as the seedlings grow 
older which are necessary for GA to exert its full effect.
It does not seem likely that the growth factor or factors 
are auxins like lAA, as the results, here indicate that 
lAA is obviously not the limiting factor.
Another feature of the first leaf base section 
experiments;was rather unexpected but intriguing. It was 
found that with the 3 day old sections which normally do 
not respond to GA, if part of the first internode is 
included with the 3 day old seetions, they will respond to 
GA, the longer the length of first internode included.
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the greater is the response to GA* The critical length of 
the first internode that has to be included for significant 
action appears to be 2 mm. Similar effects of the first 
internode was also found with first leaf base sections cut 
from older seedlings. iA'possible implication of these results 
is that there may be a growth substance or substances which 
are present in the first internodes and which can interact 
with GA to promote elongation of the first leaf base sections:.
It is difficult to relate the effects of the first internodes 
to those of the age of seedlings:, the results suggest that 
the two may be separate phenomena which can occur simultaneously, 
and also independently of each other.
An attempt;was made to isolate the growth factor or 
factors in the first internodes which can stimulate the 
response of the first leaf base section to GA. As was mentioned 
earlier in Chapter VII, the results were not very consistent 
and were of a very preliminary nature. On the whole, they 
were not not extensive enough for any valid conclusions to 
be drawn from them. H»4èver, they do indicate that further 
attempts to isolate these * leaf growth*substances may be 
fruitful and may help to clarify the action of GA on leaf 
growth. A recent finding of Asen, Cathey and Stuart (1960) 
that the aglycone and glucoside of hydrangenol isolated 
from the leaves of Hydrageas were able to enhance the 
activity of GA on the 2nd. leaf sheaths of d-1 mutant dwarf
maize, while the substances by themselves had little effect 
is of interest in this connection.
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The literature on the red-far red light effects and
the possible relationship between the system and lAA or GA
has been briefly reviewed in Chapter I (p. J û ), The data
obtained in the experiments here are not readily comparable
with those of other workers where most of the investigations;
were carried out with intact plants. Further, it is unfortunate
that the data here were lather irregular. The red, far red
and red plus far red light pretreatments given to the seedlings
■ prior to sectioning of the Avena first internode sections have
little effect on the growth of the sections in the absence
of growth substances. There is an inhibitory effect of the
red light pretreatment on the lAA response of the sections
and also on the GA,response of the sections on some occasions.
Therefore both lAA and GA do not appear to reverse the red
light pretreatment inhibition. Far red light pretreatment
do not appear to reverse 25£ the red light pretreatment
inhibition of the lAA response or the GA response of the
sections, if anything, the far red light pretreatment tends
to inhibit the sections further and both lAA and GA do not
appear to be able to reverse such inhibitions. Only in one
in
experiment with the (-N) sections and/two experiments with 
the (+K) sections that the far red light applied following 
the red light seemed to have reversed the red light pretreatment 
inhibition of the lAA response and the GA response of the 
sections. There is thus no clear cut evidence of the red-far 
red effects ofr of the reversal of the light effects by lAA 
and GA. The interaction between the light inhibition and lAA
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or GA is obviously a very complex one and remains to be 
elucidated by further experiments.
The results of Expt. BR3 obtained here are of interest 
in view of the concept put forward by Hillman (1959) that 
there is a portion of endogenous growth sensitive to light 
which is'not mediated by lAA. His argument was based on his 
observations that neither the direction nor the magnitude 
of the red and far red effects on pea stem sections are 
affected by GA ot lAA, and pointed out the Schneider's 
(1941) data also support such a conclusion. Schneider (1941) 
found that red light caused an inhbition of Avena first 
internode sections and the amount of inhibition was almost 
the same under all conditions of auxin (lAA) supply. The data 
of the experiment RR3 here,however, show that the red light 
inhibition increases with increasing concentrations of lAA, 
which is contrary to Schneider's data and Hillman's (1959) 
argument. Clearly, hypotheses of a general nature cannot 
yet be made concerning the growth substances (lAA and GA), 
and any red-far red effects, at least,in the case of the 
Avena first internode sections.
The results of the experiments with the intact Avena 
seedlings grown in red light confirm earlier studies (
Avery et al, 1937; Weintraub and Price, 1947; Goodwin, 1941 ; 
Thomson, 1950, 1951) in that red light, inhibits the growth 
of the first internode,and the coleoptile. The degree of 
inhibition depends on the duration of the red light treatment 
and on the stage of development of the seedlings at which the 
red light is given. In the case of the first leaf, continuous
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red light inhibited the growth of the first leaf, this is con­
trary to previous observations (Thomson, 1950). However, 24 
hours of red light did accelerate the growth of the first leaf, 
confirming the observations of others on Avena and other plants 
(Thomson; Lockhart, 1956; Went, 1941). GA did not reverse the 
red light inhibition of the first internode and of the coleoptile, 
thus suggesting that the red light effect dies not involve any 
GA-mediated mechanism. In the case of the first leaf, GA did 
partially reverse the red light inhibition in the case of the 
continuous^ red light treatment. In the case of the 24 hours 
red light treatment, GA increases further the elongation of 
the first leaf which was already accelerated by the red light 
treatment over that of the dark controls. Here, however, GA 
GA seems to act synergistically with red light., that is,
GA and red light,have the same effect on leaf growth. However,
GA alone had little effect on the growth of the first leaf in 
the dark except in the case of Expt. 3. But in Expt. 1 and 2,
GA did have an accelerating effect on the first leaf of the 
dark grown seedlings. Thus it appears that the actions; of GA 
and of red light on the growth of the first leaf depend very 
much on the duration of the illumination and on the stage of 
development of the seedlings at which the GA and light treatment 
are given
■/
J
3Conclusions.
In the growth of the coleoptile and of the first 
internode sections cut from etiolated Avena seedlings, GA 
and lAA are found to be similar in their actions: only in so 
far as to the fact that they both can induce stimulation of 
elongation of the sections. The log. dose-response curves of 
GA are found to be always flat4topped unlike those of lAA 
where a linear relationship between response and log. dose exists. 
The magnitude of response of the first internode sections is 
influenced by the presence of the coleoptilar node and the 
data here confirm the conclusion that GA response is associated 
with high endogenous growth rate. With regards to the growth 
of the first leaf:base sections of Avena, it may be concluded 
that the actions of GA and lAA are separate. The evidence here 
indicates that the growth of the coleoptile, the first internode, 
and the first leaf base sections of Avena is not affected by 
GA and lAA in the same way. The mechanism of action of GA 
appears to be a very complex one and differs from that of lAA.
The evidence suggests that other factors, besides GA and lAA, 
may be limiting the response of the sections, these factors 
appear to be closely associated with the coleoptilar node 
in the case of the first internode sections, and with the 
first internode and the age of the seedlings from which the 
sections are cut in the case of the first leaf base sections.
The data obtained revealed no synergism between 
lAA and GA on the growth of the coleoptile, the first internode, 
and the first leaf base sections. The evidence does not lend
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support to the concept of an auxin-mediated mechanism of 
GA action, at least, the primary actions of lAA and GA are 
separate, particularly so in the case of the first leaf base 
sections. They do not however contradict a three factor 
hypothesis of GA action. The evidence quggests that other 
hormonal factors may be involved in the growth of the coleoptile, 
the first internode and the first leaf base sections. It is 
clear that the growth of these tissues are regulated by a number 
of factory an interplay of these factors is necessary before 
maximum growth is attained. It is hoped that the results 
obtained here may serve as the basis of a working hypothesis 
for further investigations. The problems of the mechanism of 
the actions of lAA and ôf GA are so fundamental that one has 
to wait for more knowledge of the physiology of the individual j 
cell before any satisfactory solution can be found.
It is not possible to reach definite conclusions 
as to the relationship between light effects of growth substances, 
It is demonstrated, however, that red light treatmebt can 
inhibit the growth of the first internode sections and lAA and 
GA are not able to reverse this inhibition. Red light can 
also inhibit the growth of the coleoptile, and the first 
internode of intact Avena seedlings, and lAA and GA cannot 
reverse the red light effect. In the case of the first leaf on 
the intact seedlings, red light accelerates the growth of 
the first leafand GA appears to simulate the action of red
light to some extent. The problems of red-far red photomorpho- 
genetic effects and growth substances are very complex, further
}
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investigations are required for the elucidation of these problems
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affecting the magnitude of the response of the first internode 
sections to GA and lAA, it has been shown that the location of 
the section on the seedling from which the section is cut has 
a pronounced influence. Sections cut closer to the coleoptilar 
node show a greater response to GA and a lesser response to lAA. 
Optimum response to GA is obtained with sections cut with the 
coleoptilar node included, (+N) sections, and optimum response 
to lAA is obtained with sections cut at 2 mm. from the coleoptilar 
node, (-N) sections. The data suggest that the presence of the 
coleoptilar node greatly increases, the GA response of the 
sections, that the GA response of the sections is associated 
with a high endogenous growth rate, and that dxther growth factors 
which may be present at or near the coleoptilar node can interact 
with either 3ËAA or GA in their effects on the growth of the 
sections.
No synergism between lAA and GA is found with both the.
(+N) and (-N), types of sections.
(4) The effect of starvation on the response of the first
internode sections has been investigated. Sections which are 
starved by immersion in water at 25^C. completely lost their 
ability to respond to either lAA or GA. Sections starved by 
floating on water at 25 % .  as well as those starved by immersion 
at 30C. did not loose their ability to respond to lAA and GA.
The growth of these sections is promoted by either lAA or GA 
alone, and no synergism is found.
(5) The growth of the first internode sections is promoted
by both NAA and 2,4-D and the optimum concentration^" appears
3 1 3
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to be 1 mg./I. for both substances. Synergism was detected 
between NAA and GA at certain combinations of the two substances, 
on the growth of the first internode sections. No synergism 
between 2,4-D and GA is found.
(6 ) The anti-auxins, NMSP, PCIB, and 2,4,6-T have been 
found to reduce the lAA response and the GA response of the 
first internode sections.
(7) : The effects of lAA and GA on the growth of the first
leaf base sections have been investigated. GA is able to stimulate 
the growth of the first leaf base sections but lAA is either 
without effect or inhibitory to the growth of the first leaf j
base sections. The response to GA of the sections is found to !
depend on the age of the seedling from which the section is cut. 
Sections cut from 3 day old seedlings do not respond to GA at
all. However, sections cut from older seedlings, 4,5,6 and 7 
day old, all show significant responses to GA. Optimum response 
to GA is obtained with sections cut from 5 and 6 day old seedlings. 
lAA supplied simultaneously with GA always reduced the GA response 
of the sections. No synergism between lAA and GA is found. It 
has been observed that the inclusion of part of the first, 
internode in the first leaf base section greatly affected the 
response of the sections to GA. As the length of the first 
internode included increases, the GA response of the sections is 
also increased, the optimum GA response of the sections is 
obtained with 5 mm. of the first internode included in the
sections. The inclusion of part of the internode in the section 
can bring about a significant response of the sections cut from
3'Î4
3 day old seedlings to GA, these 3 day old sections normally 
do not respond to GA. The data suggest that there may be some 
leaf growth substances in the first internode which can enhance 
the sensitivity of the first leaf base sections to GA.
(8 ) The effects of kinetin, adenine sulphate, amino acids,
vitamins and amino acid growth factors on the growth of the 
first leaf base sections have been studied. Kinetin has either: 
little effect or significantly inhibited the growth of the 
sections, no synergism between kinetin and GA is found. Kinetin 
usually either does not affect or significantly reduced the
GA response of the sections. Adenine sulphate also had little 
effect on the growth of the sections or the GA response of the 
sections. The amino ;acids, DL-glutamine, DL-glutamic acid, DL- 
asparagine and glycine all have little effect on the growth 
of the first leaf base sections. No., synergism between any of the 
substances above and GA is found. The vitamins and amino= acid 
growth factors, Aneurine hydrochloride, Pyridoxine hydrochloride, 
L-arginine monohydrochloride, DL-histidine monohydrochloride, 
DL-lysine monohydrochloride, all had no effect on the growth of
the first leaf base sections. It appears therfore that the
response of the first leaf base sections; to GA under the 
conditions used here is quite specific.
(9) A preliminary attempt to isolate the leaf growth 
substances which may be present in the first internodes was 
carried out. The results are not entirely succesful, but
there are indications that there may be such substances in the
the first internode which may be involved in the growth of
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the first leaf of Avena.
(10) Considerations of the results tend to suggest that the
primary actions of lAA and GA are not closely connected in their 
effects on the growth of the coleoptile, first internode•and 
first leaf base sections of Avena.
(11) The effects of red, and far red light pretreatments
given to the Avena seedlings just prior to sectioning on the
growth of the first internode sections in the presence of lAA 
and GA have been carried out. No definite red-far red reversible 
effects on the growth of the sections are obtained. It has, 
however,been demonstrated that red light pretreatment can 
inhibit the growth of the first internode sections and neither 
lAA nor GA can reverse the inhibition. It is not possible to 
arrive at any definite conclusions with regards to growth 
substances and red-far red light interactions in these experiments.
(1 2 ) The effect of red light on the growth of the coleoptile,
the first internode and the first leaf of intact seedlings of 
Avena has also'been studied. Red light inhibited the growth of 
the coleoptile and the first internode. The degree of inhibition 
obtained depends on the duration of the red light treatment and 
on the stage of development of the seedlings at which the red 
light is given. Continuous red light given at the day of sowing 
and at one day after after sowing almost completely inhibited 
the growth of the coleoptile, under the conditions used here.
GA is not able to reverse the inhibition of the coleoptile and 
the first internode by red light. In the case of the first leaf, 
it has been observed that red light can accelerate the growth
9l6
of the first leaf under certain conditions of light treatments 
depending on the duration of the light exposure given. Continuous 
red light is found to inhibit the growth of the first leaf and 
GA is found to be able to reverse this inhibition partially 
in certain cases only. Where red light treatment induced a 
significant increase in growth of the first leaf, supply of GA 
tend to increase the growth of the first leaf further. Thus GA 
appears to simulate the action of red light on the growth of 
the first leaf.
(13) The results have been discussed in the light of current 
theories on the relationship between auxin and gibberellins, in 
shoot extension growth. The balance of evidence here makes it 
difficult to accept'an auxin-mediated mechanism of GA action.
The data suggest that other growth factors besides lAA and GA 
are involved in the growth of the coleoptile, first internode 
and first leaf of Avena. They underline the possibility that 
the first leaf base sections may prove to be a very useful 
bioassay material for the gibberellins.
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